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ABSTRACT 
Thin, widespread, carbonate-dominated cyclothems of the Lansing 
and Kansas City groups were deposited across Kansas during the Mis-
sourian on a gently tilted shelf bordering the rapidly subsiding 
Anadarko basin. Similar cyclothemic deposits of Late Pennsylvanian 
age are found throughout the Midcontinent and in many parts of the 
world. The possible causes of this cyclothemic sedimentation are 
re-evaluated based upon a comparison of the stratigraphy, sedimentol-
ogy, and diagenesis of four, similar, successive cyclothems over a 
wide area in the subsurface of western Kansas using cores, cuttings, 
and wireline logs. The observations and interpretations are used to 
evaluate the distribution of petroleum reservoirs in these cyclo-
thems. 
The four cyclothems are characterized by a rapid transgression 
and relatively slow regression of the sea across a gently tilting 
shelf. A thin, basal transgressive carbonate is overlain by the 
marine shale, representing maximum inundation by the sea. The marine 
shale completely covered the study area but for local areas over the 
more significant positive areas of the shelf and in one of the cyclo-
thems, the I-Zone. The black organic-rich facies in the marine shale 
covers auch of the southern two-thirds of the shelf excluding por-
tions of the structurally positive areas and again in the I-Zone. 
The anoxic bottom conditions that brought on the deposition of black 
shale resulted primarily from the combination of stagnant bottom 
waters due to a thermocline and scavenging of oxygen by large amounts 
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of terrestrial organic matter. A positive water balance due to large 
amounts of freshwater runoff across a nearly landlocked cratonic sea 
together with minor coastal upwelling encouraged stratification of 
the water and dispersal of the organic matter. 
The shoreline retreated across the shelf during each cyclothem 
depositing a veneer of shallow-water, restricted-marine regressive 
carbonates and eventually exposing this carbonate to subaerial pro-
cesses and freshwater diagenesis. The regressive shale 
capping the cycle is generally very thin or absent and commonly 
contains soil structures. 
Progressive, contemporaneous, epeirogenic deformation of the 
shelf significantly affected sedimentation and diagenesis in these 
cyclothems. These changes included firstly, varying but generally 
less subsidence over previously active structures such as the Central 
Kansas and Cambridge uplifts resulting in condensation of litho-
facies, loss of black marine shale, early onset of shallow-water 
facies, and more intense early freshwater diagenesis. Secondly, 
increased subsidence occurred along portions of the shelf closest to 
the Anadarko basin, most active during deposition of the earliest two 
cyclothems which resulted in a steepened depositional slope and a 
more favorable setting for extensive development of high energy 
carbonate facies during late regression. These epeirogenic adjust-
ments were however secondary in importance to a rapidly fluctuating 
sea level in controlling the formation of the cyclothems. Periodic 
changes in eustatic sea level due to continental Gondwana glaciation 
iii 
are deemed most plausible for producing the rhythmic flooding and 
subaerial exposure of the broad, gently-dipping shelf. 
The characteristics of contemporaneous structural elements that 
affected sedimentation are closely related to inhomogenieties in the 
Precambrian basement terrane suggested by variations in the magnetic 
field intensity. Detailed, high-level interpretation of potential 
field geophysics may eventually be very useful in analyzing deposi-
tional and structural trends and patterns in the sedimentary layers. 
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ORIGIN OF FOUR UPPER PENNSYLVANIAN (MISSOURIAN) CYCLOTHEMS 
IN THE SUBSURFACE OF WESTERN KANSAS: APPLICATION TO 
SEARCH FOR ACCUMULATION OF PETROLEUM 
W. LYNN WATNEY 
CHAPTER ONE 
INTRODUCTION 
General Problems Specific to Study Area 
Cyclothems characterize the Chesterian through Wolfcampian 
stratigraphic succession in the Midcontinent of North America and 
other Late Paleozoic successions worldwide. This sequence of terri-
genous elastic and carbonate rocks comprises repetitive lithofacies 
that are widespread and constant in thickness. It is not unusual to 
be able to trace beds less than 10 feet (3.3 m) thick for more than 
300 miles (450 km) along the outcrop. The obvious repetitions of the 
sequence led to the pioneering work on cyclothems of R. C. Moore, 
Marvin Weller, and H. R. Wanless. 
The origins proposed for these and similar cyclothems are con-
tradictory (Moore, 1929; Weller, 1930; Branson, 1962; Brown, 1972; 
Heckel, 1977, 1980). An objective of this study is to address this 
problem with new insight provided by careful description of four 
Missourian cyclothems based upon an extensive, three-dimensional 
network of subsurface data for rocks of the Kansas City Group of 
western Kansas. The cyclothems are informally referred to by letters 
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H, I, J, and K (Morgan, 1952). The specific objectives of the study 
are to examine the effects of the configuration of the shelf on the 
nature of the four to evaluate evidence for sea-level 
change, and to deduce the amount of any change. The study attempts 
to estimate the contribution of the potential causes of cyclicity: 
sea-level change, tectonism, and the sedimentation process itself. 
Western Kansas was a broad shelf bordering the Anadarko basin 
during much of the late Paleozoic, including the Missourian. Sam-
pling detail is sufficient to describe the activity of subtle tecto-
nic elements on this shelf and the varying depositional setting of 
each cyclothem. Flexure and subsidence of the Missourian shelf in 
western Kansas was a response to rapid subsidence in the Anadarko 
basin to the south. Subsidence of the shelf, however, was not uni-
form, and local episodic movement certainly influenced the lithofa-
cies distribution in each cyclothem. However the local tectonism 
does not account for the shelf-wide repeating pattern. Here the 
cause must be a result of source-area tectonics, sea-level oscilla-
tion, or shifting of sedimentary environments. 
Another objective of this thesis is understanding the factors 
responsible for accumulation of hydrocarbons. This information along 
with structural setting, should be a useful component in evaluating 
areas for exploratory drilling or extending productive trends. Fa-
vorable reservoirs for petroleum vary in distribution among each of 
the cyclothems. Not all zones produce at any location. 
The study area in western Kansas covers 47 counties and 30,000 
square 11i les (77,000 sq. km) (Fig. 1.1 ). The northwest-trending 
3 
Central Kansas uplift (CKU) and Cambridge arch (CA) cross the eastern 
and northern portions of the study area. These broad uplifts are 
separated by only an unnamed, narrow, shallow depression. Together 
they constitute a major portion of the study area and form a province 
that contrasts with the less deformed area to the west. Although the 
major tectonic activity along the CKU-CA was only a brief event 
during the Late Mississippian and Early Pennsylvanian, the location 
was also the site of an earlier uplift, the ancestral CKU (Merriam, 
1963), during the early Paleozoic. The amount of vertical movement 
(hundreds of feet) was considerably less than the thousands of feet 
that occurred in the Early Pennsylvanian in the neighboring uplifts. 
Perhaps 6 to 12 miles (10 to 20 kilometers) of thrusting occurred in 
the Wichita Mountains (Brewer et al, 1983). Movement of the CKU and 
CA during deposition of the H, I, J, and K intervals influenced the 
distribution of lithofacies and potential reservoirs. 
Materials and Methods 
Good quality wireline logs from 2300 wells penetrating the 
entire Kansas City Group provide the control for subsurface stratig-
raphic and structural mapping, including isopach maps and subsea 
structure maps for interpreting structural development. The well 
density averages one per 13 square miles (34 km2) or one well every 
3-6 miles (5.8 km) (Fig. 1.2). Maps include thickness of the cyclo-
thems, thickness of the regressive shale, thickness of porous regres-
sive carbonate (upper and lower intervals), and maximum gamma radia-
4 
Figure 1.1. Map of the state of Kansas showing the area studied in 
this investigation (light dotted pattern in mapped area and heavier 
dotted pattern in area with core only) and that of Watney (1980) in 
western Kansas (double cross hatched in area mapped and cross hatured 
in areas studied with core only). The surface outcrop of the Lansing 
and Kansas City groups is identified in eastern Kansas. The Central 
Kansas uplift (CKU), Cambridge arch (CA), and the Nemaha uplift in 
eastern Kansas are recognized on this map as the outlined areas where 
the Mississippian strata are now missing due to erosional truncation 








Figure 1.2. Township map of western Kansas showing locations of 
wireline logs and cores used in the study area. Plus(+) symbol 
indicates those wells with Mississippian strata below the Pennsyl-
vanian and circles (o) or triangles (6) indicate those wells that do 
not have Mississippian strata beneath the basal Pennsylvanian uncon-
formity. Cores are identified by larger solid dots. Three cores 
are from Red Willow and Hitchock counties, Nebraska. Spacing be-
tween township boundaries is 6 miles (10 Km). County names are 
abbreviated (see Fig. 1.1). 
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tion of the marine shale. These various maps were prepared for each 
of the four cyclothems. Trend surface and residual mapping of struc-
ture and isopach information and ratio mapping were also done. The 
detailed stratigraphic mapping is discussed in a later section. 
The study materials included 37 cores that sampled at least 
portions of the four cyclothems identified for study (cyclothems H, 
I, J, K) in the Missourian Kansas City Group (Fig. 1.3, Table 1). 
Comparison of cores and logs from the same wells permits recognition 
of characteristic log response of lithofacies. Interpretation of 
other logs leads to interpretive maps showing the distribution of 
lithofacies in each of the four cyclothems. Cores and thin sections 
of carbonates are described according to classification of Dunham 
(1962) and stained as recommended by Dickinson (1965, 1966). Recog-
nition of invertebrate fossil fragments was assisted with the use of 
descriptions of Majewske (1969) and Horowitz and Potter (1971). 
The data base included well name, location (spot, section, 
township, range) and surface elevation and 26 stratigraphic varia-
bles. Variables other than those in the H- through K-Zones were: top 
of Stone Corral, Heebner, Lansing Group, base of G-Zone, base of 
Pennsylvanian, and formations below the basal Pennsylvanian unconfor-
mity. Variables recorded for each cyclothem of interest were top of 
cyclothem, top of regressive carbonate, thickness of porous carbonate 
in upper and lower divisions of regressive carbonate, and maximum 
gamma radiation in the marine shale. Initial data processing was 
done at the Kansas University's Academic Computer Center's mainframe 
Honeywell 66/60 computer using custom FORTRAN programs and SURFACE II 
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Table 1. Cores Used in This Investigation 
WELL NAME LOCATION COUIJTY CORED INTERVAL ZONE 
(FEET) 
1. Farmer NE NE SW Red 
1 Nicholson 12-1N-27W Willow, NE 3160-3174 H 
2. Farmer Red 
3 Nicholson C NE NE Wi 11 ow, NE 3153-3168 H 
3. Empire C NW SW Hitchcock, 3618-3642 O,E,G* 
1 Rathe 9-3N-30W NE 3653-3674 
3737-3770 I,J 
4. Empire NE NE SE 
10 Palmer 6-1S-33W Rawlins 4055-4073 J 
5. Murfin CSE NE 3959-3972 A 
1 Souchek 2-1S-34W Rawlins 4004-4037 DE* 
4100-4125 H 
4140-4154 J 
6. Skelly SE SW SW 3960-4250 All LKC* 
1 Bartosovsky 9-1S-34W Rawlins 4114-4223 H,I,J,K 
7. Cities Service SE NE SE 3680-3689 D 
Z-1 Miller 31-2S-27W Decatur 3695-3722 EF 
3732-3744 G* 
3744-3762 H 
8. Murfin C NE NE 4238-4278 
1 Prentice 30-2S-35W Rawlins 4297-4323 D,E,G* 
9. Cities Service NE SW SW 3955-91.5 C,D,E* 
A-1 Holmdahl 29-3S-31W Rawlins 4082-4104.5 J 
10. Cities Service NE SW SE 3361-3365 D 





11. Conoco SE SE SW 3604-3818 All LKC* 
406 Adell Unit 2-6S-27W Sheridan 3712-3805 H,I,J,K 
12. Cities Service NE SE NW 
A-1 Knudson 16-7S-32W Thomas 4253-4277 J 
10 
13. Texaco NW SW NE 
4-7 Holley Unit 31-8S-24W Graham 3914-3921 
14. Texaco SE NE NE 3946-55.5 
6-11 Holley Unit 32-8S-24W Graham 3965-3975 J 
15. Texaco SE SE NE 
7-11 Holley Unit 32-8S-24W Graham 3918-3924 
16. Cities Service CSE SW 3332-3398 D,E,F,G,H 
506 Dorr Unit 16-9S-16W Rooks 3392-3400 L* 
3298-3392 H, I ,J ,K 
17. Conoco NE NE NE 
9 Morel 15-9S-21W Graham 3543-3618.5 H, I ,J 
18. Empire S/2 SW 
B-2 Reidel 31-9S-24W Graham 3952-3994 H, I 
19. Gulf C SW SW 
1-22 Hughes 22-9S-29W Sheridan 4108-4223 H, I ,J ,K 
20. Gore S/2 SE NE 
4 Findley 23-11S-21W Trego 3726-3758 I,J,K 
21. Pan American NE SE NE 
B-6 Ohlson 28-14S-14W Russell 3092.5-3219 H,I,J,K Pre. 
22. Springer SE NW SW 3124-3161 F,G* 
1 Oeser South 30-16S-11W Barton 3200-3225 J 
23. Clinton SE NW NE 
2-D Stegman ll-16S-17W Rush 3393-3443 I ,J ,K 
24. Conoco SE SW NE 
11 Ainsworth 25-18-8W Rice- 3912-3996.2 H, I ,J ,K 
25. Stanolind NE NW SW 
3 Denker 10-22S-12W Stafford 3419.7-3523.4 H, I ,J ,K 
26. Texaco SE NE SE 
1 Becker 29-22S-33W Finney 4155-4178 K 
27. Cities Service C NW NW 4118-4745 selected samples 
C-2 Blair 29-30S-33W Haskell available approx. 





28. Cities Service C NW NW 4354-4369 
E-2 Thompson 30-30S-33W Haskell 4533-4577 H,J,K 
29. Cities Service NW SE 4130-4760 selected samples 
D-2 Conover 31-30S-33W Haske 11 spaced approx. 3 
feet throush LKC* 
4398-4618 H,l,J,K 
30. Cities Service CSE SW only selected 
C-2 Conover 32-30-33W Haskell 4120-4179 samples available 
from Lansing 
Group* 
31. Ti de1~ay N/2 SW 
1 Beauchamp 19-30S-40W Stanton 3930-3974 H, I 
32. Texaco NE NE NW 
4 Litsey 25-31S-6W Harper 3744-3766 J,K 
33. KRM C NW 
1 Harman 11-33S-20W Commanche 4759.5-73.5 K 
34. Sam Gary SW NW 
21-5 Scheufler 21-33S-20W Comrranche 4804-4830 J,K 
35. KRM NW NE 4767.5-4785 J base 
3 Rhoades 14-34S-20W Commanche K 
36. KRM SW SW 4788-4805.2 J base 
2 Lemon 13-34S-20W Commanche K 
37. KRM NE SW 
2-X Lemon 14-34S-20W Commanche 4754-4777 K 
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Figure 1.3. Stratigraphic nomenclature, Pennsylvanian and Permian 
systems in western Kansas (from Rascoe, 1979). 
13 
SYSTEM SERIES STAGE GROUP 
GUADALUPIAN 
z 
<C Nippewalla - LEONARDIAN 
Sumner a: w Chase a. 






z MISSOURIAN Kansas City 
<C Pleasanton -z 
<C DES Marmaton > 
...J MIDDLE MOINESIAN >- Cherokee 
U) -----z ATOKAN z w a. 
LOWER MORROWAN 
14 
graphics (Sampson, 1978). Later, data were transferred to the Kansas 
Geological Survey's minicomputer, the Data General MV/8000, for con-
tinued analysis. After information was keypunched onto cards, a 
magnetic tape of the data was prepared. The township-range locations 
were converted to a Lambert conformal conic projection using a rou-
tine developed by Owen Spitz of the Kansas Geological Survey. Pre-
liminary maps were created using data calculated with the Fortran 
program and the Surface II graphics system. Error analysis was 
conducted using both visual examination of the data file and maps and 
the use of a statistical routine that compared the spacial variation 
of the data. Editing was done and maps were re-created. Construc-
tion of maps was done using the MV8000, a Xynetics flatbed plotter, 
and printing terminals attached to the minicomputer. Appendix A 
provides details of input format and output files used in mapping as 
well as the FORTRAN program that created the output files. An elab-
orate data processing package, "STRATPLOT," was developed with the 
assistance of Richard Brownrigg to handle a CRT menu-driven update 
program to edit a master file and to create various plot files for-
matted for SURFACE II software. 
Subsurface Nomenclature 
The Lansing and Kansas City groups belong to the Missourian 
Stage of the Upper Pennsylvanian. They comprise a succession of a 
dozen repetitions of major carbonate units and thinner shale beds in 
western Kansas (Watney, 1980; Figures 1.3, 1.4, and 1.5). Each 
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repetition includes a transgressive and regressive assemblage of 
lithofacies, in which the upper (regressive) carbonate is thickest 
and is the stratum most likely to be a petroleum reservoir. Compo-
nent lithofacies are shown in Table 2. 
Table 2. Equivalency Between Cyclothem and Formal Stratigraphic 
Nomenclature 





Formation ~g Member 
Chanute Shale 
Drum Limestone 
Quivera Shale Member 
of the Cherryvale Shale 
mid portion of 
Cherryvale Shale 
including Westerville 
Limestone Member and 
Block Limestone Member 
Fontana Shale Member of 




The lower (transgressive) carbonate and the lower (marine) shale 
are thin nearly everywhere in the cyclothems in western Kansas. The 
lower shale can be a strong emitter of natural gamma radiation and 
thus provide a striking response on a gamma ray log. 
The four cyclothems are identified on a wireline log in Figure 
1.4. The letter nomenclature was first used by Morgan (1952) to 
identify limestone units in the subsurface and is still in common use 
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Figure 1.4. Gamma ray-neutron wireline log display and interpre-
tive lithologies of Veail #1 Peterson well from northern portion of 
the study area. Scale of gamma-ray curve is API units. Neutron 
curve is scaled in counts per second (cps). Four cyclothems are 
identified as the H-, I-, J-, and K-Zones. The top of each interval 
is the regressive (upper) shale and the base of the cyclothem is the 
transgressive unit (lower carbonate). Note that both the transgres-
sive unit and the marine (lower) shale are not distinctive units in 
the log in the I-Zone. The marine portion of the cyclothem, the 
focus of the isopach mapping described later, includes all divisions 
of the cyclothem except the regressive (upper) shale. 
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Figure 1.5. Formal member and formation nomenclature of the Lan-
sing and Kansas City groups in eastern Kansas (from Zeller, 1968). 
Stranger Formation is in Douglas Group; Stanton Limestone through 
Plattsburg Limestone comprise the Lansing Group; and the Bonner 
Springs Shale through the Hertha Limestone make up the Kansas City 
Group. 
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by those working in western Kansas. Parkhurst (1958) established a 
correlation between these subsurface units and the outcrop of the 
Missourian-age rocks in eastern Kansas. Table 2 shows the equiva-
lence between the letter nomenclature used here and the formal out-
crop names. The best correlations are between the K- and J-Zones and 
their outcrop equivalents: the Galesburg Shale-Swope Limestone and 
the Fontana Shale-Dennis Limestone. Each zone is dominated by a 
thick upper (regressive) carbonate rock. 
Strata equivalent to the I-Zone are within the Cherryvale Shale; 
the exact correlation is still in question but correlation with the 
Westerville Limestone (lower or regressive limestone) is favored 
here. The Cherryvale Shale contains several shales and limestone 
members. The lowermost shale, the Fontana, is the topmost member of 
the J-Zone, the upper shale or regressive shale. The I-Zone in 
western Kansas is a carbonate-dominated succession that pinches out 
along the northern edge of the study area, unlike the other three 
persistent zones in the subsurface. This carbonate may be equivalent 
to the Westerville Limestone Member of the Cherryvale Shale. Both 
the Westerville and underlying Block Limestone members are thin, 
averaging only four (1.2 m) and eight feet (2.4 m) in thickness in 
the surface outcrops of eastern Kansas and western Missouri. The 
Westerville Limestone Member is the more persistent and can be traced 
for 250 miles (400 km) along the outcrop north of Kansas City to near 
Des Moines, Iowa. Not only is a black lower (marine) shale common to 
the other cyclothems generally missing from both the I-Zone and the 
Westerville section, but also the upper (regressive) shale is quite 
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thin or absent in areas in both the outcrop and the subsurface. 
The H-Zone correlates with a composite section including the 
Quivira Shale Member of the Cherryvale Shale, an unnamed dark marine 
shale, which is succeeded by the upper (regressive) Drum Limestone, 
and the overlying Chanute Shale (Zeller, 1968). A lower (transgres-
sive) limestone is lacking in surface exposures but appears to be 
developed in most areas of the subsurface. 
Problems Associated With the 
Concept of Cyclothems 
Repetitive sedimentary sequences which have been described in 
the area of study are very similar to equivalent strata in the out-
crop. This recognition provides an important basis for meaningful 
subdivision of these strata (Watney, 1980). The similarities go 
beyond stratigraphic definition, but include the detailed comparison 
of the members of cyclothems as defined by Moore (1931) and Heckel 
and Baesemann (1975) as previously discussed. This classification is 
the first step toward understanding the origin of the succession. 
The interpretation of cyclothems is hampered by several problems 
including: 1) demonstrating true repetition of processes in time 
which led to accumulation of a succession of rock classified as a 
cyclothem; 2) complications in definition of a cyclothem when change 
in lithofacies occurs including problems in correlation of equivalent 
successions, and therefore 3) the controversy regarding whether pro-
cesses that led to formation of cyclothems include intrabasinal 
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controls such as eustatic change in sea level or tectonic deforma-
tion. 
A basic problem with cyclothems is documenting that they are 
truly periodic. Cyclic sedimentation is the repetition of a predict-
able sequence of strata in time (Duff, Hallam, and Walton, 1967), but 
without the condition that cycles are of equal length beyond that 
implied by some similarities in thickness. The processes succeed in 
a predictable fashion. In contrast episodic sedimentation is simply 
a stochastic event. Both can involve repetitions of lithofacies, yet 
in the latter the episodes do not represent periods or rhythmns 
(Doveton, 1971; Schwarzacher, 1975). Because precise measurement of 
time is impossible in these old rocks, it is only the regularity of 
the repetitions of lithofacies that can be used to define them. The 
original definition of cyclothem was restricted to Pennsylvanian-aged 
sedimentary rocks by Weller (1930), but Duff and Walton (1962) ex-
tended the concept to include other strata. 
Most of classifications of cyclothems and many interpretations 
were based on outcrops, many of which were small. Vertical succes-
sions were strongly emphasized at the expense of lateral variability. 
Initially the definitions did not allow any flexibility in the compo-
sition of cyclothems. Separate classifications resulted for cyclo-
thems dominated by carbonate rocks, terrigenous elastics, and evapo-
rites as well as numerous successions within each of these sediment 
end members. Wanless (1964), however, demonstrated with the aid of 
the black-shale facies common to many Pennsylvanian cyclothems in the 
Midcontinent that the terrigenous elastic cyclothems present in Illi-
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nois are equivalent to more marine-dominated successions in the 
western Midcontinent. He showed that regardless of the succession of 
sediments deposited, a sedimentary cyclothem could nevertheless be 
recognized. The different processes that generated the cyclothem 
were expressed with different types of sedimentary rocks. Yet, the 
repetition and correlation at least for restricted sequences had been 
established. 
Heckel (1977) reemphasized the significance of this regional 
correlation of Wanless and provided an explanation for the lateral 
variation of the succession of lithofacies using sedimentologic con-
cepts modified by eustatic change of sea level. He stressed that the 
continuity of the thin, black (lower) shale is evidence that this 
shale is the deepest water facies of the cyclothem, an idea original-
ly introduced by Evans (1967) and Schenk (1967). Typically, the 
succession beneath this shale is a thin lower (transgressive) unit 
and above it is an upper limestone that is a regressive, shallowing-
upward sequence, generally much thicker than the other members of the 
cyclothem. This interpretation is contrary to those of Moore (1929), 
Weller (1930) and subsequent workers, Zangerl and Richardson (1963) 
and Merrill (1973) who all considered the black (lower) shale to 
represent extremely shallow water. Moore (1929) originally pointed 
out that the relief of the depositional surface was very low, and 
only very slight changes in sea level would shift the shoreline over 
considerable distances. Thus, it was not necessary to vary water 
depth significantly. Now, with the deep-water concept of Heckel's 
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model requiring quasi-estuarine circulation and the development of a 
thermocline, a greater range of sea-level change is called for. 
Heckel suggests a minimum of 100 m (300 ft). Very thin, widely dis-
tributed successions of contrasting lithologies separated by sharp 
contacts also suggest an origin involving more than simple aggrada-
tion of sediment over a shallow platform. In any case, the issue of 
the depth of water attributed to the black-shale facies is a key one 
and will be addressed in this study. 
Very soon after cyclothems were recognized, Wanless and Shepherd 
(1936) proposed a climatic model for their generation calling upon 
repeated continental glaciation in Gondwana to produce global varia-
tions in sea level. Twenty years later this theory still was viewed 
with considerable doubt. Others argued that there was an insuffi-
cient record of glaciation in time and space to explain some 160 
cyclothems recognized in the late Paleozoic strata (Moore, 1930; 
Weller, 1956). Oscillating tectonism affecting the provenance of 
terrigenous elastics was offered as an explanation by Weller (1956) 
in his diastrophic control theory to explain the development of 
terrigenous elastic cyclothems in the Illinois basin. Swann (1964) 
proposed a more subtle climate-control hypothesis invoking changing 
precipitation to explain more complex carbonate-terrigenous elastic 
cyclothems of the Chesterian, again in the Illinois basin. George 
(l978) proposed a combination of eustacy and tectonics to explain the 
sedimentary succession in the British Dinantian. 
In general the causes proposed through the early 1960's in the 
U.S. to explain cyclicity were those that invoked mechanisms that 
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operated independently of sedimentation. such as glaciation. the so-
called allocyclic processes (Beerbower. 1964). Duff and Walton 
(1962) reviewed British literature on late Carboniferous terrigenous 
elastic cyclothems of Great Britain and concluded that, although 
there was a great variety of cyclothems in the Coal Measures, all 
were the result of processes that operated internally to sedimenta-
tion itself, the autocyclic processes. However, Woodland and Evans 
(1964), and more recently Ramsbottom (1979), concluded that some of 
these same Pennsylvanian successions were allocyclic and were affec-
ted by changes in eustatic sea level. Similarly, an important school 
of thought in the U.S. now emphasizes autocyclic causes for the 
Pennsylvanian cyclothems (Donaldson, 1974; Ferm 1967, 1970: Galloway 
and Brown, 1973). Nevertheless, the opposing school supporting broad 
sea-level changes is still strongly represented (Van Siclen, 1958, 
1972; Wanless, 1964; Wilson, 1967b, 1975, 1977; Heckel, 1977, 1980; 
Too111ey et al, 1977; Baird and Shabica, 1980). Duff and Wal ton (1962) 
admitted that more extensive sedimentological interpretations are 
needed to provide conclusive evidence for the causes of cyclothems. 
Heckel (1977) revitalized the idea that continental glaciation 
was a cause for eustatic change in sea level. He concluded that this 
was necessary in order to explain the marked contrast in successive 
depositional environments over a wide region suggested by his litho-
facies and paleontologic interpretation. 
The evidence presented to support eustatic change in sea level 
as the major cause of these cyclothems is still ambiguous. Workers 
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studying elastic-dominated successions in particular have not found 
it necessary to invoke a change in global sea level because the 
outstanding features of cyclicity in such rocks can be explained by 
processes of local sedimentation (Brown, 1972). Nevertheless, the 
demonstration of regionally correlative cycles that transcend depo-
sitional systems and represent regular periodic or episodic events is 
the evidence that must be sought to support an interregional mecha-
nism to explain these events. The repetitive succession of wide-
spread lithofacies of widely differing composition present worldwide 
in late Paleozoic strata has convinced many geologists of global 
changes in sea level. The debate continues. 
Recent Advances in Understanding Causes of Eustatic Sea 
Level Change and the Response in the Sedimentary Record 
Recent investigations of possible global mechanisms for sea-
level change have provided a better understanding of the magnitude 
and periodicity of these processes and potential application to the 
explanation of the sedimentary records in both continental and ocean-
ic settings. Global plate tectonism and continental glaciation have 
been most commonly addressed (Ronov et al, 1969; Johnson, 1971; 
Hallam, 1977, 1981). Sloss and Speed (1974) suggested oscillating 
tectonism on the cratons as causes for the major cratonic sedimentary 
sequences, but they judged that the frequency of Pennsylvanian cyclo-
thems is too high to be explained by such tectonism. On the other 
hand, Wanless and Cannon (1966), Crowell and Frakes (1970, 1975), 
Crowell (1978, 1982), Hambrey and Harland (1981). and Gravenor and 
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Rocha-Campus (1983) have provided strong evidence for complex waxing 
and waning of late Paleozoic continental glaciers in Gondwana, adding 
support to the theory of glacial control to explain the origin of 
cyclothems. Crowell argued that sea level went through short-term 
fluctuations much like those of the Pleistocene. Such fluctuation 
could have been of sufficient frequency and magnitude to explain the 
cyclothems. 
Donovan and Jones (1979) examined eustatic sea-level change and 
concluded that two major causes produce this phenomenon: 1) short-
term change in volume of land ice and 2) longer term changes in the 
volume of ocean ridges. Studies of Pleistocene glaciation indicate 
that change of sea level ranged from 330 to 490 feet (100 to 150 
meters) with a rate of change in water level of 1 cm/year (Donovan 
and Jones, 1979). Although Hays and Pittman (1973), for example, 
suggested that rapid sea-floor spreading during the Late Cretaceous 
increased the volume of the mid-ocean ridges making sea level rise 
world-wide some 980 feet (300 meters), the rate of change in sea 
level was only 1 cm/1000 years. This is considerably slower than the 
rate needed to accommodate the changes in water depth and periodicity 
ascribed to late Paleozoic cyclothems, e.g. 400,000 years duration 
and at least 100 meter changes in sea level (Heckel, 1977, 1980). 
Crowell (1978) used plate tectonics to explain why continental 
ice accumulated in such abundance during the late Paleozoic. First , 
he suggested that plate motion moved the huge continent of Gondwana 
over the south-polar region allowing ice to accumulate. Second, an 
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increased volume of the ocean basin due to motion and position of the 
global plates provided lower sea levels during the late Paleozoic 
exposing increased areas of the continents. Vail et al. (1977) 
detailed this changing sea level mentioning major evidence based 
directly on the distribution of seismic sequences along continental 
margins. This fall in sea level was necessary to allow ice to accum-
ulate on land and thus draw water from the ocean basins, further 
lowering sea level. Fisher (1982) has referred to this low sea level 
as the "icehouse state", common to several periods of geologic time 
including the late Paleozoic and the present. In contrast, the 
greenhouse state during high sea level reduced latitudinal climatic 
differences and produced global heating, reduced circulation of the 
oceans, and contributed to the ocean-wide anoxic events such as 
occurred during the Early Devonian, Jurassic, and Cretaceous (Fisher 
and Arthur, 1977; Arthur and Schlanger, 1979; Parrish, 1982). 
Recognition of Sea-Level Change 
in the Sedimentary Record 
The nature of the periodicity of Pleistocene glaciation and 
resultant transgressions and regressions is well documented by anal-
ysis of oxygen- and carbon-isotope composition of nannoplankton ob-
tained from deep-sea cores (Broecker and Van Dank, 1970; Hays et al, 
1976). The 100,000-year, glacial-rhythm signals of the Pleistocene 
marine record have been attributed by Milankovitch (1941) to rhythmic 
eccentricity of the earth's orbit. Fisher ( 1982) suggested that the 
400,000 year period of the Pennsylvanian cyclothems could be the 
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result of glacial pulses also controlled by variations in eccentrici-
ty. 
Study of the Pleistocene coastal sedimentary record itself pro-
vides additional evidence, albeit more subtle, of these changes in 
sea level. Moreover, the Pennsylvanian stratigraphic record of mar-
ginal and shallow-marine settings should be similar to the Pleis-
tocene ones if both were modified by changes in sea level. 
Evans (1979) nicely summarized the varying conditions on the 
continental shelves during the Quaternary fluctuations in sea level 
and so provided a useful guide to the type of observations of the 
ancient sedimentary record needed in order to recognize features that 
might be definitive evidence for establishing a marked change in sea 
level. Sea coasts distant from an appreciable source of terrigenous 
sediment commonly exhibit a succession of strata that start with a 
thin marine sequence suggesting rapid inundation of the shelf. This 
transgression is followed by condensed sequences, commonly marked by 
diastems or hardgrounds with accumulation of glauconite, phosphorite, 
or carbonate debris representing high sea-level stand. This sequence 
preceded thicker, more rapidly deposited sediment heralding the onset 
of regressive coastal sedimentation. Under such circumstances, the 
approach of a rapidly prograding delta would significantly change the 
depositional environment. Moreover, Evans suggested that stagnation 
could occur on the shelf during high sea-level stands if tidal circu-
lation were eliminated. Anoxic bottom waters might result. 
Transgression in an area of abundant local sediment supply could 
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result in an almost static shoreline. Progradations of Quaternary 
deltas like the Mississippi River delta have occurred during episod-
ic, near stillstands. The net effect has been that even during the 
very gradual rise of sea level in the last 4,000 to 5,000 years the 
shoreline of the Mississippi delta has advanced seaward at an average 
rate of 12 miles (20 km)/1000 years. 
During Pleistocene cycles, sea level apparently began to fall 
each time soon after it had risen as is convincingly shown by deep-
sea, oxygen-isotope data. The rate of fall was appreciably slower 
than the rise and was sometimes interrupted by minor fluctuations 
(Broecker and Van Donk, 1970). Offlapping sets of barrier-island, 
lagoonal, and delta-plain deposits are evidence of this staggered 
fall on the coast and shelves of the U.S. bordering the Gulf of 
Mexico and Atlantic Ocean. For example, eight cyclothems are recog-
nized in the Quaternary on the Gulf Coast (Beard et al, 1982). 
Evans (1979) observed in general that the Quaternary sediments, 
although usually loose and friable, were typically not eroded away 
during subaerial exposure and erosion at a time of lowering of sea 
level. Marine coastal sediment buildups became coastal hills and 
then were again inundated by the sea. Weathered, oxidized surfaces 
separate these sedimentary sequences. In fact, Evans concluded that 
such strata! contacts, the geometry of the sedimentary units, and the 
recognition of nearly synchronous bedding surfaces permit one to 
construct a comprehensive stratigraphic model. This is particularly 
true of cycles of sedimentation. The recognition of evidence for 
erosion, weathering, or simply nondeposition is very important in 
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interpreting the sedimentary record. Description of small-scale 
hiatuses or diastems is a very necessary component in describing 
lithology. Such events might be expected to occur more frequently 
during the withdrawl of the sea, late in the cycle. The break in 
sedimentation may be regional in extent and may represent a substan-
tial amount of time. Beard et al. (1982) have interpreted the geom-
etry of the depositional sequences resulting from these eustatic 
cycles using seismic stratigraphy. 
Detailed sedimentologic and stratigraphic information will most 
convincingly establish the origin of the cyclothems whether a glacial 
origin or whether autocyclic processes are causal. Ideally one would 
have available a number of complete, correlative, vertical strati-
graphic sections in order to construct a three-dimensional view of 
the strata, incorporating details of the facies and their contacts. 
The scale of observation in this type of geologic study necessarily 
ranges from microscopic to distances of hundreds of kilometers. 
Examination of a succession of cyclothems on these scales is neces-
sary in order to answer definitively the general question of origin. 
The remarkable repetition of strata over wide areas repeated world-
wide during the late Paleozoic continues to beckon those who desire 
to enter into this debate. 
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Potential For Understanding Cyclothems 
in the Study Area 
The Late Pennsylvanian Missourian strata examined in this study 
are unmistakably repetitive. Cyclic sedimentation has been described 
from many other places in sedimentary rocks of this age, e.g. Paradox 
basin (Choquette and Trout, 1963; Hite, 1970); Midland basin (Van 
Siclen, 1958; Ross, 1967; Galloway and Brown, 1973), Colorado Plateau 
(Brill, 1963), Nevada, Utah, and Idaho (Heath et al, 1967; Roberts et 
al, 1965), Appalachian coal basin (Morris, 1967), Yukon territory, 
Canada (Bamber and Waterhouse, 1971), Nova Scotia (Copland, 1959; 
Shenk, 1969), northwestern Europe (Trueman, 1946; Ramsbottom, 1979), 
Russian platform (Rauser-Chernovsova et al, 1979)). Whether carbon-
ates, terrigenous elastics, evaporites, or mixtures of these, a 
periodic sequence of lithofacies of comparable thickness and esti-
mated duration has been described. Alternating carbonates and terri-
genous elastics comprise a dozen formations of the Lansing and Kansas 
City groups that have been categorized by marine and nonmarine com-
ponents of the cyclothem (Zeller, 1968). 
Marine sedimentation was more widespread over most of the 
world's cratons during the Missourian than in the earlier Pennsylva-
nian. The mean sea level was slowly rising following a major episode 
of cratonic emergence and erosion during the Late Mississippian and 
earliest Pennsylvanian. Yet, this rise in sea level was only a 
second-order development during a much longer period of falling sea 
level that began in the mid Paleozoic (Vail et al, 1977). 
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The sediments of the Kansas City Group accumulated on a rather 
stable shelf in Kansas following a period of pronounced local tec-
tonism during the Early Pennsylvanian with movement along the Central 
Kansas uplift (CKU), Cambridge arch (CA), and the Nemaha uplift. 
Subsurface information available from western Kansas offers a unique 
opportunity to study cyclothems correlative in three dimensions over 
long distances. The composition varies little laterally, permitting 
lithologic correlation and documentation of the distribution of fa-
cies. The carbonate rocks that dominate these cyclothems provide a 
sensitive record of the diagenesis and allow one to interpret the 
conditions developed in the waning stages of these cyclothems 
(Watney, 1980; Heckel, 1983). 
The once-active tectonic elements that underlie the area of 
study provide an opportunity to evaluate in detail the nature of 
Movement subsequent to the major tectonic activity and to assess its 
effects on sedimentation and diagenesis. 
Successions of late Paleozoic rock strata deposited over the 
shelf in western Kansas noticably thin over locations of previous 
tectonic uplifts (e.g. CKU and CA). However, specific units, e.g. 
Missourian cyclothems may not thin or do so only with varying areal 
extent. Moreover, the facies that comprise the cyclothems are not 
considered significantly different between areas of previous uplift 
and subsidence. Later subdued, episodic differential movement ap-
parently occurred on the shelf coinciding closely with patterns of 






In the Midcontinent of the U.S., Phanerozoic sediments offlap 
exposures of the Canadian Shield. The Midcontinent is bordered by 
the Appalachian Mountains on the east, the Ouachita Mountains and the 
Arbuckle Mountains on the south, and the Rocky Mountains on the west. 
The mountains were active orogenic belts during the late Paleozoic. 
In fact, the Appalachian-Ouachita-Marathon orogenic system (Fig. 2.1; 
Lidiak, 1982) represents the tectonic suture formed by the collision 
of Laurasia and the northern, leading plate boundary of Gondwana. 
Plate collision along the Ouachita segment of the suture cli-
maxed in the Late Mississippian and Early Pennsylvanian with thrus-
ting and uplifting to form highlands in the region of central Arkan-
sas, southeastern Oklahoma, and eastern Texas (Ham and Wilson, 1967; 
Keller and Cebull, 1973) and downwarping of foreland basins to the 
north. Concurrent with deformation on the plate margin. intracra-
tonic uplifts of much smaller magnitude formed in Kansas, e.g. the 
Cambridge arch (CA), the Central Kansas uplift (CKU), and the Nemaha 
Uplift, with shallow basins subsiding between them. 
Orogenic activity shifted to southwest Texas in the Marathon 
Mountains during the Early Permian as a result of a changing pattern 
of stress directed into the craton. Kluth and Coney (1981a and b) 
sugge5ted that these changing stresses were responsible for reacti-
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Figure 2.1. Paleozoic basins in the interior of the U.S. (after 
Lidiak, 1982) showing the depth to the Precambrian basement in 
thousands of feet. During the late Paleozoic the interior of the 
craton was bordered on south by the Appalachian-Ouachita-Marathon 
orogenic systems defining the southern margin of the basins illus-
trated here and on the north by the Canadian shield. To the west of 
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vation of many zones of pre-existing weakness in the interior of the 
craton. Thomas (1983) elaborated on this subject, but urged caution 
in using this interpretation for all structural features on the 
craton. The actual location and extent of deformation was dependent 
on the trend and location of these zones of weakness and was a 
function of the major direction and sense of stress. Episodic struc-
tural deformation may have played an important role in the develop-
ment of the cyclothems of this study. 
Cambridge and Chadron Arches 
North of the area of study, the Chadron arch, a southeastward 
extension of the Transcontinental arch in west central Nebraska was 
emergent for most of the late Paleozoic. This area and the Trans-
continental arch apparently were the only major sources of fine-
grained terrigeous elastics in western Kansas. However, the ances-
tral Rockies may have also contributed fine-grained terrigenous elas-
tics as suggested by lithofacies maps of McKee et al. (1975). The 
Transcontinental arch was not high in relief, but was quite exten-
sive. 
Amarillo-Wichita-Arbuckle Uplifts 
The Amarillo-Wichita-Arbuckle uplifts (Fig. 2.2) extending from 
the Texas Panhandle to southeastern Oklahoma, immediately south of 
the study area, are thought also to represent reactivation beginning 
in the Middle Pennsylvanian of pre-existing zones of weakness in the 
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Figure 2.2. Generalized paleogeographic map of the western Midcon-
tinent during the Missourian illustrating major depositional facies 
and provenance areas for the siliciclastic sediments (from Rascoe 
and Adler, 1983). Contours shown represent thickness of Missourian 
strata in feet. Dominant terrigenous elastic source is the uplifted 
ouachitas mountains (OM) in southeastern Oklahoma and Arkansas. 
Allarillo-Wichita-Arbuckle uplifts (A-W-A), Ancestral Rocky mountains 
(AR), and Cimmaron arch (CIA) provided coarse-grained terrigenous 
debris only locally. The only seaway easy access of open 
marine waters onto the craton during the Late Pennsylvanian was the 
approximately 1OO-mile-(16O km) wide pass between the Allarillo-
Wichita-Arbuckle uplifts and the Ancestral Rocky (Rascoe 
and Adler, 1983; Heckel, 1977). Carbonate bank along southeastern 
Anadarko basin is Belle City illustrated in Figure 
2.4. 
EXPLANATION 
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basement. Orientation of the uplifts coincides with an underlying 
Precambrian and Cambrian rock assemblage that Hoffman et al. (1974) 
interpreted as an aulocogen. The north side of the Wichita uplift 
has been thrust some 5 to 5.6 miles (8 to 9 km) northward onto the 
craton (Brewer et al, 1983). 
Ancestral Rockies 
During the Pennsylvanian the Ancestral Rockies consisted of 
prominent blocks uplifted in the area now occupied by the Front Range 
in central Colorado. The uplift was initiated about the same time as 
the lesser uplifts in Kansas. Maximum tectonic activity occurred 
during the Middle Pennsylvanian. Coarse arkosic elastics were shed 
from the faulted front much the same as in the Arbuckle Mountains, 
but overthrusting did not occur (Wilson, 1975). The decrease in 
tectonic activity during the Late Pennsylvanian is also recognized in 
areas southwest of the Ancestral Rockies. Uplift along the northern 
end of the Ancestral Rockies in Wyoming, in contrast, persisted into 
the Missourian (Mallory, 1958, 1967). 
Cimmaron and Los Animas Arches 
The Cimmaron arch, a southeastern Colorado salient of the Ances-
tral Rockies that extends to the east (Fig. 2.2). influenced the 
extreme southwestern portion of the study area in western Kansas. 
This wI 11 be described in more detai 1 later. The Los Animas arch, 
extending northeast-southwest across eastern Colorado from the Cimar-
ron arch into northwestern Kansas, presented only subdued structual 
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relief during the Late Pennsylvanian and affected sedimentation only 
locally (Rascoe and Baars, 1979). 
Basins 
Anadarko Basin 
The northward overthrusting of the Amarillo-Wichita Mountains 
apparently caused the rapid subsidence of the Anadarko basin imme-
diately to the north of this uplift (Brewer et al, 1983). The Permo-
Pennsylvanian section alone in the basin exceeds 16,000 feet (5 
km)(Evans, 1979). Coarse-grained arkosic fan deposits spread away 
from the faulted margins of the uplifts into the Anadarko basin 
during the Middle Pennsylvanian and into the Early Permian (Evans, 
1979). Their presence is a record of synsedimentary uplift to the 
south and consequent subsidence of the basin. 
The Anadarko basin and the Arkoma basin, the more eastern Oua-
chita trough in northern Arkansas, prevented coarse terrigenous elas-
tics originating in the southern Ouachita highlands from reaching the 
Kansas shelf during the Early Pennsylvanian. Early in the Late 
Pennsylvanian the Ouachita trough had been filled, and paralic sedi-
ments began to spread into eastern Oklahoma and southeastern Kansas 
(Morris, 1974; Moore, 1979). Detritus derived from the Ouachita 
Mountains was deposited along the eastern edge of the basin, crossing 
a mixed carbonate and terrigenous-clastic shelf during regressive 
episodes. The carbonate intervals typically thicken along this shelf 
margin. Terrigenous material periodically prograded across the shelf 
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Figure 2.3. Index map showing the study areas of Lane (1979) in 
Beaver County, Oklahoma and Galloway et al. (1977) in Canadian 
County. Each located the Missourian shelf (platform) margins of 
the Anadarko basin as shown by the hachured lines. Teeth of ha-
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Figure 2.4. A) Isopach map of the Belle City Limestone (Missourian) 
shelf carbonate unit (10 ft. contour interval) and its equivalent 
basinal sandstone isopach map (50 ft. contour interval). B) of the 
Medrano Sandstone in Canadian County, Oklahoma (See Figure 2.3). C) 
West-to-east shelf to basin cross section of Galloway et al. (1977) 
interpreted from seismic profiles and borehole information. Note 
interval II and the location of the Belle City Limestone, a shelf 
deposit, with respect to the basinal Medrano Sandstone. Source of 
elastics is from east prograding across shelf reciprocally with 
carbonate. The Anadarko basin was a deep basin during the Late 
Pennsylvanian. The depth of water to the south and distance from a 
significant terrigenous elastic source minimized the importance of 
elastics in western Kansas. 
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margin and into the deep basin to form extensive submarine aprons. 
Galloway et al. (1977) used seismic stratigraphy to define the geome-
try and the correlation of sedimentary strata along this eastern 
shelf margin. The economic potential of isolated basinal sandstones 
of Virgilian and Missourian age that lap against the toe of the shelf 
margins, such as the Cleveland, Cottage Grove, and Tonkawa sand-
stones, has yet to be fully developed (Rascoe, 1978a,b). Kumar and 
Slatt (1982, 1984) described a similar shelf configuration along the 
northern border of the Anadarko basin. 
This northern edge of the Anadarko basin adjacent to the south-
ern edge of the study area was a constructive carbonate shelf margin 
with considerably less terrigenous detritus than to the southeast 
(Fig. 2.3). Terrigenous elastics were a minor component of the Late 
Pennsylvanian sedimentary cycles along the southern portion of wes-
tern Kansas, which was isolated from the Ouachitas by the Anadarko 
basin. 
According to Lane (1979) carbonates along the northern shelf 
margin in Beaver County, Oklahoma (Fig. 2.3), are primarily oolitic 
or contain phylloid algae. The shelf break is quite apparent in the 
subsurface although the slope is only of one degree (Lane, 1979). 
Valleys and headlands with a total vertical relief estimated by Lane 
to be 400 feet (120 m) broke up the shelf margin. Allodapic skeletal 
and oolitic, shelf-carbonate debris were found at the foot of the 
valleys studied by Lane. The relief across the eastern margin of the 
Anadarko basin during the accumulation of the Missourian interval 
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studied was approximately 450 feet (140 m) across the carbonate-
terrigenous elastic shelf margin according to the data of Galloway et 
al. (1977) (Figs. 2.3 and 2.4). Kumar and Slatt (1984) used decom-
paction analysis to suggest that during the deposition of the lower 
portion of the Tonkawa Sandstone interval (Upper Missourian) that the 
maximum water depth was between 1,000 and 1,500 feet (300 to 460 m). 
Their minimum calculations were 400 to 625 feet (120 to 190 m). 
The Anadarko basin continued to be a deep basin where subsidence 
exceeded the rate of sedimentation. The contribution of sediment 
from The Amarillo-Wichita-Arbuckle uplifts, despite their pronounced 
relief, was local and consisted of thick, coarse-grained, elastic-fan 
deposits formed only adjacent to the uplift. 
Although no carbonate reef buildups have been described along 
the northern edge of the Anadarko basin, sedimentary and climatic 
conditions for local development may have been favorable. The east-
ern part of the Midcontinent lay in the humid tropical zone, and the 
western part was a semi-arid tropical region (Schopf, 1975). The 
equator crossed southwest to northeast passing across the Anadarko 
basin (Scotese et al, 1979). The break in slope along the northern 
margin and the lack of significant terrigenous detritus may also have 
Provided favorable conditions for local development of carbonate 
reefs. Missourian-aged coral-algal reefs did grow in a coastal 
setting along steeply dipping edges of active fault blocks bordering 
the Wichita uplift on the north side in Wheeler County, Texas (Bec-
ker, 1977). 
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Basin Adjacent to Ancestral Rockies 
The ancestral Denver basin at the eastern side of the Ancestral 
Rockies did not subside as deeply or over as large an area as the 
Anadarko basin. Arkosic sandstones and conglomerates of the Faun-
tain Formation accumulated up to 2000 feet {600 m) thick along a 
depression against the Ancestral Rockies during the Middle Pennsylva-
nian. A thinner, more blanket-like deposit of finer elastics of the 
Fountain Formation ranging from 200 to 600 feet (60 to 180m) in 
thickness accumulated in the same area during the Missourian (Wilson, 
1975). These elastic rocks prograded only a short distance from the 
uplifted region (Fig. 2.2) and did not significantly influence sedi-
mentation in Kansas except in extreme southwestern Kansas. 
Tectonic Activity in Western Kansas 
Late Paleozoic Tectonism 
The site of the study in western Kansas lies immediately north 
of the Anadarko basin. Actually, the western region of Kansas is 
considered to be the northern shelf of the Anadarko basin separated 
from the deep basin by a margin in northwestern Oklahoma. The shelf 
area of western Kansas is referred to as the Hugoton embayment. This 
region was generally stable; however, uplift in the Late Mississip-
pian and Early Pennsylvanian in western Kansas and Nebraska formed 
the Cambridge arch (CA) and the Central Kansas uplift (CKU). This 
movement coincided with compressive movements in the Ouachitas. The 
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entire Midcontinent was emergent then with considerable erosion of 
the pre-Pennsylvanian sedimentary rocks on the uplifts. The CKU and 
CA are now well defined by the truncated edge of upwarped Mississip-
pian strata (Fig. 1.1; Merriam, 1963). 
Following this rather brief period of tectonic deformation, the 
region began to subside more rapidly than at other times in its 
history. The Permo-Pennsylvanian represents only 23 percent of Pa-
leozoic time, but this interval averages 5000 ft (1.5 km) in thick-
ness or between 45 and 75 percent of the entire sedimentary column 
preserved in Kansas. The Pennsylvanian strata lap onto the eroded 
terrain; the entire state was covered in the early Missourian. 
Locally, the Missourian strata rest directly on Precambrian schist, 
granite, and quartzite (Walters, 1946). 
Three stratigraphic cross sections (Figs. 2.5, 2.6, and 2.7) 
illustrate the variation in wireline log signature of the four Mis-
sourian cyclothems from the Kansas City Group from southwest to 
northeast and across the study area. The thickness of each 
and the percentages of terrigenous material and carbonates in each 
cyclothem vary notably. 
Figure 2.8 is an isopach map of the interval from the base of 
the K-Zone of the Kansas City Group to the base of the Pennsylvanian. 
Thickness of this interval ranges from zero over the crest of the CKU 
to more than 1350 feet (410 m) in the extreme southwestern part of 
the study area. The lower surface is a regional unconformity that 
formed at the time of tectonic activity in western Kansas. Most of 
the craton was exposed to subaerial weathering and erosion at th is 
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Figure 2.5. Southwest to northeast stratigraphic cross section A-
A' of a portion of the Kansas City Group including the ff, r, J, and 
K-Zones. Section extends 260 miles (410 Ion) northeastward the 
southern part of the study area across the northern end of the 
central Kansas uplift into the Salina basin. Logs used include 
ray (GR), neutron (N), and Laterolog (LL). Scales for these 
logs are provided. is the base of the J-Zone. Bases of H-
and K-Zones are ruled in on each log but are not connected. A 
structural cross section of the same wells is included as an inset 
on this illustration. Measured depth the ground surface to the 
top of the displayed log sections range 4200 feet on the south-
west to 3200 feet on the ·northeast. Top and bottom of zones are 
identified. Index to wells included on cross section: 
Well Well Name Location 
1 Thunderbird #1 Maxwel 1 NWSW 32-23-29W 
2 Goff #1 Chennel SWSW 21-21-28W 
3 Kern-Landis #1 Ward SWNE 4-19-26W 
4 Hawley Tr. #2 Brungardt SWNE 13-15-25W 
5 Slawson #1-A Weedin Tr. SWNW 1-14-22W 
6 Conoco #9 More 1 NENENE 15- 9-21W 
7 Imperial #1 Lesage SESENE 18- 7-20W 
8 Nat. Assoc. Pet. 
#1-A Lafferty NWSWSE 19- 4-19W 
9 Dreiling et a 1. 
#1 Conway NESWSE 3- 3-13W 
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Figure 2.6. West to east stratigraphic cross section B-B' con-
structed as Figure 2.5 extending across the southern portion of the 
area of study including the southern end of the Central Kansas 
uplift. Bases of H- and K-Zones are ruled· on logs. Measured depth 
to the top of displayed log-sections range from 4350 feet on the 
west to 2830 feet on the east. Index to wells included in the cross 
section shown in figure 2.5: 
!ill Well Location 
1 Deep Rock .tl Schartz NWNE 33-24-28w 
2 Dunne and Gardner 
U Benish W/2NWNE 9-24-24w 
3 Markley .tl Brake NWNE 6-24-20w 
4 Knight .t3 Ewing NWSENE 4-23-17w 
5 Sunray .tl Keenan SESWNE 2-22-14w 
6 Pan American 
.tA-5 Teichman NENWSE 10-22-12w 
7 Veeder .t4 Diets SESESE 6-21-llW 
8 Tomlinson .t7 Bressler SWNWNE 14-20-l0w 
9 Conoco #A-7 Warner NWSWNW 36-18- 8W 
10 Conoco .t5 Carlson SWNWNE 36-19- 6w 
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F i gu re 2 . 7 . ( a ) Index ma P for sec t i on A -A' , B- B' . and c - c I and 
structural cross section of C-C'. (b) West-southwest to east-
northeast stratigraphic cross section C-C' across the extreme south-
western portion of the study area intersecting with and including 
well #4 in section B-B'. Western portion of section begins on the 
southwest positive area, probably an extension of the Cimmaron arch 
in southeastern Colorado. Measured depth to the top of displayed 
log sections range from 3860 feet on the west to 3830 feet on east. 
Bases of H- and K-Zones are ruled on logs. The index of wells 
included in this cross section are: 
Section # Well Name Location 
1 TXO #1 Bierig NWSESW 34-30-42w 
2 Pan American #1 Dewell SWNE 19-30-39w 
3 La Cima Corp. #1 Jones NWNE 21-29-34w 
4 Ashland #5 Ray NWSE 21-29-34w 
5 Jones and Pellow 
#1 Wedel NWNWNW 15-29-31w 
6 Pan American #1 Gamble SWSE 22-29-28w 
7 Kewannee #1 Burnett SWSESW 22-28-25w 
8 Five Nations #1 Copeland NWNWNW 25-28-23w 
9 Rains and Williamson 
#1 Sloan SESE 27-28-20w 
10 Glen Rupe #1 Titus SWSW 4-26-19w 
11 Knight #3 Ewing NWSENE 4-23-17w 
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time marking the boundary between Sloss's Kaskaskia and Absaroka 
cratonic sedimentary sequences (Sloss, 1963; Ham and Wilson, 1967). 
The sedimentary rocks, isopached in Figure 2.8, onlap the CKU from 
the southwest where the basal Pennsylvanian becomes progressively 
younger (Morrowan to Missourian) to the northeast onto the crest of 
the uplift. During the Morrowan the area mapped with approximately 
less than 500 feet in thickness in Figure 2.8 was still exposed to 
the west while a transition between fluvial and deltaic sedimentation 
occurred across western Kansas and eastern Colorado and into the 
Anadarko basin in Oklahoma and northern Texas (Rascoe and Adler, 
1983) . 
The Missourian Lansing and Kansas City groups were deposited 
some 20 million years after the major movement of the CKU-CA on an 
appreciably different configuration of the shelf in western Kansas 
than existed during the Early Pennsylvanian (Figs. 2.8 and 2.9). The 
preceding Pennsylvanian sediments had nearly covered the CKU and 
significantly reduced the relief produced by the initial uplift. The 
Missourian shelf was more gently inclined with more uniform deposi-
tional conditions (Rascoe and Adler, 1983). The four cyclothems, the 
H, I, J, and K-Zones in the Kansas City Group, vary in composite 
thickness from around 60 ft (18.3 a) over the Cambridge arch to more 
than 250 ft (76.2 m) in areas proximal to the shelf margin in the 
Hugoton embayment of southwestern Kansas (Fig. 2.9). This quadru-
pling of thickness in a distance of over 140 mi. (225 km) is less 
than 2 ft/mi. (0.38 m/km). The average rate of thickening divided 
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Figure 2.8. Shaded isopach map of the study area of the interval 
from the base of the K-Zone to the base of the Pennsylvanian. Lower 
surface is a major unconformity. Interval includes Morrowian, 
Atokan, Desmoinesian, and lower Missourian. Variable shading do-
notes intervals of 100 feet (30 m) with darker areas representing 
thicker strata. Heavy black line surrounds the location of the 
truncated margin of the Mississippian strata on the Central Kansas 
uplift (CKU) and Cambridge arch (CA). Hachured, segmented lines are 
Precambrian basement faults (from Cole (1976). Downthrown side of 
fault is hachured. Light dashed rectangles outline counties in 
western Kansas. Northern border is the the Kansas-Nebraska border. 
This structural information will be used for reference on most of the 
succeeding maps. 
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Figure 2.9. Shaded isopach map of the interval from the top of the 
H-Zone to the base of the K-Zone. Intervals are shaded in incre-
ments of 10 feet (3 m). Labeled contours represent 20 feet (6 m) 
intervals. Black areas along the southern margins of the study area 
exceed 180 feet (55 m) in thickness. County boundaries are lighter 
dashed lines. Noticeable thinning occurs over the crest of the CKU 
and CA. Minor thinning is noted over the southwest positive area. 
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equally among the four cyclothems is 0.5 ft/mi. to the south and 
southwest. 
This thickening may approximate the amount of differential sub-
sidence across the shelf during the deposition of these four cyclo-
thems. The relief created by the initial tectonic movement of the 
CKU and adjacent shelf had been greatly diminished by the time of 
the Missourian due to concurrent regional subsidence and sediment 
accumulation. In contrast to the Morrowan. the lowermost Penn-
sylvanian which is an accumulation of a wedge-shaped complex of 
fluvial and deltaic sediments in this same area, the cyclothems in 
the Kansas City Group are less variable in thickness across the 
shelf typified by thin, widespread l i thofacies (Figs. 2.5. 2.6. 
2.7). Thus it is likely that the thickness of the Missourian cyclo-
thems (Fig. 2.9) does not approximate the relief on the lower sur-
face as does the isopach map of the earlier Pennsylvanian interval 
(Fig. 2.8). Rather the variation in thickness reflects more of the 
syndepositional structural movement of the shelf. 
The minimu~ paleoslope that this thickening suggests is quite 
low indeed, 0.5 feet/mile. Yet, as will become apparent later, this 
depositional slope was probably not constant between cyclothems. The 
southwesterly dip is a shift from the more westerly dip of the ear-
lier Pennsylvanian interval (Fig. 2.8). Thinning during the accumu-
lation of the Kansas City Group occurred over two major centers: on 
the CA and on the CKU centered along the Rush rib (Merriam. 1963 ), 
located in Rush and Barton counties (Fig. 2.9). A broad area of 
regional thinning extends farther to the west than the CKU-CA as 
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defined by the truncated margin of the Mississippian strata (Fig. 
1.1) (Merriam, 1963). 
Areas of more local thinning, such as the elongate feature in 
Thomas (TH) and southern Rawlins (RA) counties are also common. This 
thinning extends southward as a nose that coincides with the general 
location of the Oakley anticline, a structure noted for its rather 
prominent influence on deposition during the Early Permian (Merriam, 
1963). 
The H to K composite interval exhibits its greatest rates of 
thickening and greatest local variability in thickness in southwest-
ern Kansas. In the southeastern part of the mapped area the H to K 
composite interval thickens rapidly southeastward into a saddle be-
tween the southern Salina and northern Sedgwick basins (Fig. 2.9). 
While general thickening to the southwest is noted in the Lower 
Pennsylvanian interval off the CKU (isopach map - Figure 2.8 and 
cross section - Figure 2.7), moderate thinning occurred in the south-
west during the deposition of the Kansas City Group in conjunction 
with a localized increase in the percentage of terrigenous elastics 
(Figs. 2.7 and 2.9) and accompanied by only minor attenuation of 
thickness of individual cyclothems. The area apparently underwent a 
reversal from subsidence during the Early Pennsylvanian to slightly 
positive in Late Pennsylvanian between the time represented by these 
two intervals. This is in keeping with the other observations of the 
westward shift in the uplifts during the later Pennsylvanian and 
Permian and the growth of the Los Animas arch and the Cimmaron arch 
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in southeast Colorado (Fig. 2.2). Later uplift of this area is 
apparently much more substantial (structural cross section in Figure 
2. 7a). 
Post-Missourian Tectonism 
Bush (1977) also recognized a westward shift in Late Pennsylva-
nian movement on the CA toward the Oakley anticline and Los Animas 
arch. The actual motion in the Late Pennsylvanian was probably only 
less rapid subsidence than the other areas. This westward shift of 
activity of more positive elements on the shelf continued as indi-
cated by thinning of younger intervals such as that between the 
Heebner Shale and the Kansas City Group. The isopach map of the 
interval between the Stone Corral Formation (Leonardian, Lower Perm-
ian) and the Lansing Group indicates that the entire northern shelf 
became relatively positive along with marked thinning associated with 
the northeastwardly trending Los Animas arch (Fig. 2.10). Figure 
2.11 graphically summarizes the structural evolution of the western 
Kansas shelf during the Late Pennsylvanian and early Permian. Rascoe 
(1979) also illustrated the later period of pronounced growth of the 
Los Animas arch during the Early Permian. Meanwhile, by the time the 
Hutchinson Salt was deposited in the Leonardian, the CKU to the east 
had·become a site of moderate subsidence with a shallow, bowl-shaped 
depression centered almost directly over the older positive structure 
(Watney and Paul, 1980). 
Kluth and Coney (1981) argued that marginal lithospheric plate 
deformation affected the interior of the craton during the Late 
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Figure 2.11. Structural evolution of western Kansas as indicated 
by perspective block diagrams illustrating thicknesses of succes-
sively younger intervals of Upper Pennsylvanian and Lower Permian 
strata. Upper of thickness interval is to be hori-
zontal. Surfaces shown on these diagrams represent the configura-
tion of the lower datum with the upper datum as an plane. 
CKU and CA are prominent on the base of Kansas City to base of 
Pennsylvanian interval, representing the first deposited 
after the uplift of these structures. During the time the 
Stone Corral to Heebner (Shawnee Group, Virgillian) interval was 
deposited, the subsidence (inferred from area of greatest thicken-
ing) on the shelf was dominated by the southerly plunge into the 
Anadarko basin. The uplifts on the shelf during the development of 
this youngest interval had only a very subtle expression. The 
lowest diagram is equivalent to the isopach of Figure 2.8. 
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Pennsylvanian and Early Permian as the result of plate convergence on 
the east and later on the south. Fath (1920) suggested very early 
that Late Mississippian to Early Pennsylvanian structural movement in 
Kansas developed along weaknesses in the Precambrian basement. Mor-
gan (1932), who defined the CKU, suggested that this structure fol-
lowed the Precambrian grain activated by folding in the Appalachians. 
Butcher (1933) suggested that orogeny and epeirogeny are two compo-
nents caused by one and the same processes. Thomas (1983) elaborates 
on the laterally directed stress concept of Kluth and Coney (1981) 
and suggests that independent intraplate adjustment that is not 
related to plate convergence must be considered. A progressive 
westward shift of younger structural movement perhaps as a response 
to the change in regional stress pattern is suggested within the area 
of study by the previously mentioned isopach patterns. Regardless of 
their cause, slight episodic epeirogenic movement of these tectonic 
elements has significantly affected the distribution of the relative-
ly thin sedimentary rocks on this portion of the craton. 
Present-day subsea structural elevation on the top of the K-Zone 
regressive carbonate (Fig. 2.12) reveals the positive position of the 
CKU and CA. Deformation preceding K-Zone deposition was most pro-
nounced, however, over the CA as illustrated by the closely-spaced 
contours over this structure. One set of structural lineaments 
parallels the trend of the CKU (N45W), and the other parallels the 
Las Animas arch and Nemaha uplift (N45E). The concentration of oil 
and gas fields on the CKU (Fig. 2.13) can be explained as accumula-
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Figure 2.12. Structural contour map of the top of the K-Zone re-
gressive (upper) carbonate. Sea level reference datum is used. 
Contour interval is 50 feet (15 m). Heavy dashed lines are struc-
tural lineaments identified by visual interpretation of the contours. 
Black areas are selected large L-KC oil fields lying off of the CKU 
and along prominent positive structural features. They are identi-
fied as follows: C - Cahoj, J - Jennings, PP - Pleasant Prairie, E -
Eubanks, VI - Victory, VO - Voshell, and B - Burrton. Counties are 
indicated with dashed lines and names are abbreviated. Townships are 
shown using light solid lines that are labeled aloni the 
of the area. 
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Figure 2.13. Oil fields of western Kansas (see index map inset). 
Fields that are identified here as solid black areas produce oil 
from the Lansing and Kansas City groups. The heavy solid lines 
identify the area of study. Much of the production is from the 
northwest-trending CKU and more subtle subparallel trends in western 
Kansas. Northeasterly-trending narrow anticlines are sites of addi-
tional oil production from the Lansing and Kansas City groups in the 
southeastern area of the southern Salina and Sedgwick basins. 
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tions on the crest of an anticline, but the paucity of production 
over the CA, even more structurally prominent does not follow. Other 
accumulations of petroleum that are obviously structurally controlled 
in the Lansing and Kansas groups include the Burton-Voshell anticline 
(abbreviated Band VO on Fig. 2.12) and the Pleasant Prairie (PP), 
Eubank (E), and Victory (VI) fields. The Cahoj (C) field in northern 
Rawlins (RA) County also occupies a regional structural high. Subtle 
structural trends that are actively being explored and developed 
today include areas in northeastern Logan County (LG) extending NW-SE 
across Gove County (GO) and into Lane (LE) and Ness (NS) counties. 
Trend Surfaces of K-Zone in Structural Interpretation 
Trend surface mapping provides a means for partitioning the 
local and regional elements of a map (Merriam and Harbaugh, 1964). 
This may prove very important in removing regional dip to emphasize 
local structural anomalies of small relief. Slight changes in dip on 
the original map may actually be sites of structural closure and be 
sites of oil accumulation if favorable reservoir rocks are present. 
The structure of the K-Zone provides an example for trend-
surface mapping. A polynomial trend surface and its residual are 
used to resolve and illustrate the similarities between the original 
deformation and later periods of differential uplift that may have 
been important during sedimentation. In order to do this a good 
match between the statistical model and structural surface is de-
sired. This match is usually selected on an empirical basis. The 
choice made here is based on optimizing the fit of the model surface 
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using the lowest order polynomial equation to preserve both regional 
and local variation. The discussion of the statistics used is found 
in Appendix B. 
The ratio of the sum of squares due to regression and the total 
sum of squares is the goodness of fit. The sum of squares due to 
regreision represents the departure of the regression surface from 
the original data. The total sum of squares is the sum of variation 
of the data set. It is plotted against the order of the trend 
surface in Figure 2.14. No residuals would mean that the regression 
surface provided a perfect fit to the original data. A high enough 
order of trend surface equation would eventually provide a close 
match to an original surface that was not too complex. However, a 
map of the residual trend surface may represent significant geologi-
cal events that otherwise might be masked by a dominant regional 
trend. The function of the trend-surface analysis here is to dif-
ferentiate the local from the regional trends and patterns. 
A third-order fit was chosen for presentation and analysis. 
This surface explains more than ninety percent of the original varia-
tion. The higher order trends contribute additional fit, but only by 
small increments. These increments, while improving the resolution 
of the fitting surface, do so at the expense of the residuals. 
Therefore the residual map becomes increasingly difficult to inter-
pret geologically. The calculation of trend surface. residuals, and 
goodness of fit are described in Appendix B. 
The trend surface of the top of K-Zone is a generalization of 
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Figure 2.14. A plot of the ratio of the goodness of fit of the 
trend surface to the original data, expressed as the ratio of the 
sum of squares due to regression to the total sum of squares times 
100. This is plotted versus the order to the trend surface. These 
data are calculated for the structural elevation on top of the K-Zone 
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Figure 2.12, a broad, southward plunging syncline, the Hugoton embay-
ment, with upturned edges extending over the CKU and over western 
Kansas along the flanks of the Los Animas arch. The difference 
between the smoothed surface and the original (Fig. 2.12) is the 
trend-surface residual (Fig. 2.15). Notice on the map of the resid-
uals that the CKU is much more sharply defined than on either the 
original structural map (Fig. 2.12) or the trend surface residual 
(Fig. 2.15). The finer details of the residual map coincide very 
closely with the Precambrian surface. In particular, note the local 
northwest-southeast trending horst block on the Precambrian basement 
surface called the Rush rib (Merriam, 1963). This feature, called 
the Rush rib (Merriam, 1963), is identified in Figure 2.15 as a 
positive residual, and is also the site of a magnetic anomaly (Yar-
ger, 1983). The deformation may be located along a weakness in the 
Precambrian basement (Watney, 1983). 
The outline of the CKU noted in Figure 2.15 is defined by a line 
which follows the truncated margin of upwarped Mississippian strata 
surrounding the CKU. The edge of the broad area of positive resid-
uals corresponds almost exactly to this line. The very close corre-
lation in the outline of two structural anomalies, the very prominent 
tectonic upwarp of the CKU during the Early Pennsylvanian and this 
later post mid-Missourian, subdued, epeirogenic deformation strongly 
suggests possible recurrent movement along weaknesses in the base-
ment. The northeastward dip off the northeastern edge of the CKU 
represents a significant reversal of regional dip, making it even 
more apparent why oil is trapped over the CKU. 
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Figure 2.15. Contour map of the third-order trend surface residual 
of top K-Zone. Contour interval is 50 feet (15 m). County lines 
are dashed and the outline of the CKU and CA is noted by the heavi-
est black line. The faults that offset the Precambrian basement are 
noted by the hachured dashed lines. 
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The distribution of the structural residuals and the patterns of 
thinning on the isopach map of the four cyclothems in the L-KC (Fig. 
2.9) are comparable. The differences observed in patterns between 
them probably represent more the considerably longer time required 
for structural development (Fig. 2.15) than for accumulation of the 
four cyclothems included in the isopach map (Fig. 2.9). Furthermore, 
local deviations in thickness of each cyclothem may result from local 
build-up of carbonate rocks or progradation of terrigenous elastics. 
In fact, individual cyclothems can exhibit distinctly different de-
positional patterns, limiting the amount of unambiguous information 
about the details of deposition of each cyclothem to be drawn from 
such a gross-interval isopach map. 
The coincidence of positive residuals and thin areas on the 
isopach map may provide an important key to development of reser-
voirs. Active structural uplift or relatively less subsidence during 
the deposition of a cyclothem produced high areas that influenced the 
development of favorable reservoir facies (Watney and Ebanks, 1978; 
DuBois, 1979; Watney, 1980; Prather, 1981). The residual map of 
structural trends highlights areas of potential structural develop-
ment. Comparing this map to those with stratigraphic data can pro-
vide an important means of assessing the presence of paleostructure 
and permit the interpolation of existing subsurface data to provide 
trends for development of petroleum prospects. 
Recurrent Structural Activity 
and Basement Discontinuities 
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The similarity between structural contour and isopach maps of 
many intervals and the episodic activity along some structures sug-
gest an evolving pattern of deformation on the shelf of western 
Kansas as if it were following a template defined in the underlying 
Precambrian basement. The Ouachita orogenic system resulting from 
plate convergence may have provided the driving force behind the 
extensive craton-wide deformation during the late Paleozoic. Weak-
nesses in the basement subject to reactivation could include faults, 
fractures, or simply discontinuities in rock types such as intrusions 
or terrane boundaries. Lidiak (1982), Dutch (1983), and Yarger 
(1983) have used gravity and magnetic patterns to interpret trends 
and discontinuities in the Precambrian crust of the Midcontinent. 
Dutch (1983) identified major terranes in the Precambrian base-
•ent using potential-field geophysics (Fig. 2.16). Kansas is domi-
nated by northwesterly and northeasterly geophysical trends. Yarger 
(1983) detailed these trends and integrated them with the Precambrian 
geology illustrated by Bickford et al. (1981; Figure 2.17). These 
geophysical trends correlate with the Precambrian geology and many 
are inferred to represent discontinuities in the basement rocks. 
Furthermore, these geophysical trends coincide with structural trends 
now expressed in the sedimentary rock column. Apparently some of the 
weaknesses in the basement tectonically active and consequent-
ly were the locations of considerably younger structures. 
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Figure 2.16. Precambrian geology and geophysical trends in the 
northern ~idcontinent (after Dutch, 1983). Map of simplified base-
ment terrane and linear gravity and magnetic trends, paralleling 
elements of the Precambrian terrane. Prominent northeast trend of 
the 1.1-billion-year-old Midcontinent rift system CNARS or Central 
North American Rift System cuts the older accretionary terrane which 
is dominated by a northwesterly trend over the southern mapped area 
including Kansas. CKU parallels the northwesterly trends and the 
Nemaha uplift the northeasterly trends. 
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Figure 2.17. Precambrian terranes in Kansas and immediate adjacent 
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Yarger (1983) used digital filtering of the original total 
magnetic field measurements to highlight the magnetic trends. One 
such map is a pole correction map (Fig. 2.18). Yarger concluded that 
the dominant low-frequency, northwesterly trending pattern shown in 
Figure 2.18 probably represents the grain of the Precambrian. Accor-
ding to Dutch (1983) the bands of magnetic anomalies represent suc-
cessive accretion of younger terrains that were tectonically welded 
to the protocontinent. Note that the CA-CKU trends nearly parallel 
to these anomalies as do many smaller structures both on the crests 
of these major structures and in areas farther west. Several of the 
magnetic anomalies directly coincide with recognized structural ele-
ments in western Kansas. The strike of the isopach map (repeating 
the assumption that structural development during this interval is 
represented by the thickness) of the Kansas City Group, for example, 
generally parallels the anomalies on the pole correction map. 
The configuration of the Precambrian surface (Fig. 2.19, western 
sector and Fig. 2.20, eastern sector of study area) reveals the 
combined effects of long-term erosion and all of the subsequent 
deformation during the Phanerozoic. The CA-CKU, however, is promi-
nently expressed on its surface. Basement faults notably have two 
prominent trends. 
The second vertical derivative map of Yarger reveals better 
defined, sharper magnetic anomaly patterns that cut both northeast-
erly and northerly across the map (Fig. 2.21). The map highlights 
areas where the magnetic gradient is greatest emphasizing shallow 
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Figure 2.18. Filtered aeromagnetic map of western Kansas (modified 
from Yarger, 1983). Map is a pole correction of the total magnetic 
field. The distortion caused by the earth's inclined magnetic field 
is calculated and subtracted from the original map of the total 
magnetic field intensity. Yarger concluded that the low-frequency, 
generally northwesterly trending elements shown here probably repre-
sent deep-seated structure of the Precambrian. Yarger identified a 
prominent boundary between the two terranes of contrasting age shown 
on this map by the heavy line crossing the mapped area. CKU and CA 
with the basement faults are also shown on the map. 
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Figures 2.19 and 2.20. Contour map of the configuration of the 
Precambrian surface for western Kansas from Cole (1976): (a) western 
study area and (b) southern study area. The map is divided in two 
parts in order to preserve detail. Contour interval equals 50 feet 
(15 m). Dots represent both depth estimates and actual penetrations 
of the Precambrian surface. Counties and townships are shown. 
Portions of southern border of this study is indicated by heavy 
line. 
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features such as steep contacts between rocks of contrasting magnetic 
susceptibility. In particular, the map enhances short, subparallel, 
northeastwardly trending linements that are thought to represent 
faulting and intrusion of mafic igneous rocks associated with the 1.1 
billion year old Central North American Rift System (CNARS) (Ocola 
and Meyer, 1973, Yarger 1983). 
In general the second vertical derivative map emphasizes the 
northeasterly trend of the CNARS that cross cuts the older accretion-
ary terrane. The southeastern border of the CKU terminates at the 
west edge of the area of attenuated magnetic signature associated 
with the CNARS. This area of attenuated readings represents a thick 
wedge of Precambrian, graben-filling terrigenous sediments called the 
Rice Formation. The southern CKU is also sliced by northeast trend-
ing linear magnetic anomalies. The Pratt anticline (Fig. 2.13), a 
structure that will be important in later discussion, parallels these 
same northeastwardly trending lineaments. In fact, most of the late 
Paleozoic structures east of the CKU, including the Nemaha uplift, 
parallel the CNARS. 
Kluth and Coney (1981) suggested that the constraints on defor-
mation included the existence of a weakness, its location and trend. 
that was reactivated by orogenic activity along the plate margin. 
The here is that the episodic reactivation of these 
zones of weakness, albeit subtle, would be expected to 
affect sedimentation during these periods of activity. Furthermore, 
the locations of these structural elements may be detected by 
analysis of the gravity and magnetic information. 
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Figure 2.21. Filtered map of the total aeromagnetic field of 
Yarger (1983) depicting the second vertical derivative of the magne-
tic field. Dark shaded lineaments and patterns illustrate where 
the gradient in the magnetic field is greatest. The map identifies 
probable steep contacts between rocks of contrasting magnetization 
in the shallow basement such as might be produced by faulting or 
intrusion of mafic igneous rocks (Yarger, 1983). Filtering enhances 
the short, subparallel, northeasterly-trending magnetic pattern of 
the CNARS. Line segments likely represent graben and horst system 
intruded by gabbros. The area of attenuated magnetic signature 
outlined on this map denotes thick elastic sedimentary strata of the 
Precambrian Rice Formation, sedimentary rock which filled the rift 
feature. 



















Middle and Upper Pennsylvanian Rocks 
The Missourian Stage consists of the Pleasanton, Kansas City, 
and Lansing groups. The succession was i 11 ustrated in Figure 1.5. 
These strata comprise alternating limestone, shale, and more limited 
occurrences of sandstone and coal. Total thickness ranges from about 
300 feet (90 m) in northern Kansas to near 1 y 500 feet (150 m) in 
southern Kansas. The Missourian overlies the Des Moinesian Stage. 
The Cherokee Group, which is part of the Des Moinesian, contains 
considerably more sandstone and coal in eastern Kansas than the 
Missourian strata. The net thicknesses of sandstone and the total 
thickness of the Cherokee Group increase toward a source area to the 
north on the Canadian Shield (Visher et al, 1971). However, Wright 
(1975) in interpreting the distribution of strata equivalent to the 
Cherokee Group in the Midcontinent concluded that the source area for 
them were primarily the Canadian Shield and the Appalachians and 
locally uplifts such as the CKU and Nemaha uplift. In Oklahoma the 
interval again thickens in a depocenter along the margins of the 
Anadarko and Arkoma basins. Thicknesses exceed 1000 feet (300 m) in 
northeastern Kansas in the center of the Forest City basin. The 
Marmaton Group lies above the Cherokee Group; and with it comprises 
the Des Moinesian. The Marmaton Group is less variable in thickness 
than the Cherokee averaging 250 feet (80 m). It contains alternating 
97 
limestones and shales with minor sandstone (Zeller, 1968). In con-
trast in western Kansas the Cherokee and Marmaton groups are both 
predominantly carbonate strata much like the overlying Kansas City 
Group. 
The Pleasanton Group, lowermost in the Missourian Stage, is 
dominated by terrigenous elastics in eastern and central Kansas where 
it ranges in thickness from 10 feet (3 m) to 150 feet (46 m), attain-
ing its greatest thickness in extreme northeastern Kansas (Moore, 
1949; Howe, 1982). It becomes progressively more marine to the south 
and west. In the study area the Pleasanton Group is predominately a 
terrigenous elastic unit generally less than 50 feet (15 m) thick. 
The Pleasanton is overlain by the Kansas City Group which comprises 
the middle portion of the Missourian strata. Its composition is one 
of alternating limestones and shales. The Lansing Group immediately 
overlies the Kansas City Group. 
The Virgilian Stage, which succeeds the Missourian, begins with 
the terrigenous-clastic-dominated Douglas Group, which attains thick-
nesses in excess of 700 feet (210 m) in south-central and southeast-
ern Kansas (Moore, 1949). The Douglas Group is less than 75 feet (23 
m) thick over most of the area of study except in the southeastern 
portion. The southeasterly source of terrigenous elastics was the 
Ouachita highlands, where uplift culminated during the Late Pennsyl-
vanian. Western Kansas was isolated from these sources from the 
Middle Pennsylvanian. 
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The Kansas City Group 
The Kansas City Group strata examined in this study were first 
described from the exposures along the Missouri River at Kansas City, 
Missouri (Hinds, 1912). The term is applicable to the carbonate-
dominated succession in Kansas, Missouri, Nebraska, and Iowa. 
Outcrop and Eastern Kansas 
The Kansas City Group ranges from 100 feet (30 m) in thickness 
along its outcrop south of Omaha to more than 300 feet (90 m) in 
southeastern Kansas, a distance of 300 miles (480 km). In the sub-
surface of western Kansas, the Kansas City Group ranges in thickness 
from 250 feet (76 m) to 400 feet (121 m). 
The stratigraphy of the Kansas City Group that is the focus of 
this paper was summarized by Moore (1936, 1949) and Zeller (1968) 
(Table 2). The interval studied in the Kansas City Group extends 
from the Chanute Shale downward to the base of the Swope Limestone. 
The Galesburg, Fontana, and Chanute shales are thicker in southeast-
ern Kansas where they contain more sandstone. These predominantly 
nonaarine intervals continue to thicken southward into Oklahoma, 
where the carbonate markers are missing or greatly reduced in thick-
ness. Of the limestones involved, only the Orum and Dennis lime-
stones have been formally recognized in Oklahoma. Their equivalent 
strata there are the Dewey and Hogshooter limestones, respectively. 
The Galesburg Shale, which rests on the Swope Limestone, varies from 
lO feet to as much as 75 feet (23 m) in thickness in southeastern 
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Kansas. Sandstones in this interval locally exceed 60 feet (18 m). 
Wanless and Wright (1978) depicted the Galesburg Shale in this region 
as a multilobed deltaic sandstone lithofacies with a southeastern 
source. Similarly, the Chanute Shale above the Drum Limestone ex-
ceeds 200 feet (61 m) in southeastern Kansas compared to only 12 feet 
(3.7 in northeastern Kansas (Zeller, 1968). The Thayer coal was 
mined from this fluvial-deltaic interval in southern Kansas. The 
regional stratigraphic variation from the terrigenous section of 
northeastern Oklahoma to the carbonate-dominated shelf of central 
Kansas was described by Lukert (1949). It is apparent that the study 
area is distant from the source of terrigenous detritus that in some 
regions predominates in the stratigraphic interval of the four cyclo-
thems examined. 
Strata of particular interest to this study were examined in the 
outcrop by Payton (1964, 1966; Swope Limestone), Messler (1971, 1973; 
Dennis Limestone), Railsback (1984; Dennis Limestone), Frost (1975; 
Dennis Limestone), and Stone (1979, Drum Limestone). 
Cyclothems and Stratigraphic Succession 
Moore (1936) classified the Lansing and Kansas City groups into 
cyclothems and arranged successive cyclothems into megacyclothems 
(Pig. 3.1). He regarded a nonmarine sandstone as the base of a 
cyclothem much as Weller (1930) did in the classification of Middle 
Pennsylvanian terrigenous cyclothems in the Illinois basin. Moore's 
cyclothems are capped by a marine shale or limestone unit (Fig. 3.l). 
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Figure 3.1. Megacyclothem model of Moore (1964) showing two nearly 
symmetrical cyclothems where maximum transgression is associated 
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Heckel (1977) reclassified the same stratigraphic succession into 
Kansas-type cyclothems that most commonly comprise a thin, trans-
gressive limestone at the base, a marine core shale, a regressive 
limestone, and an outside regressive shale at the top. Heckel 
(1977) proposed that the black marine shale represents the deepest 
water facies, as had been suggested by Shenk (1967), Evans (1967), 
and Heckel and Baesemann (1975). Although such shales are thin, they 
are very continuous. By using the black shales, one can correlate 
the carbonate succession in Kansas to an equivalent, more terrigenous 
sequence in the Illinois basin (Fig. 3.2 after Heckel, 1977, modified 
from Wanless, 1964). The subsurface units were categorized using a 
modification of Morgan's (1952) classification where the lettered 
zone is defined primarily by another excellent marker, the lower 
carbonate. Both this unit and the black shale provide the key ele-
ments in correlation of these strata. 
Heckel (1980) summarized the Upper Pennsylvanian stratigraphy of 
the region west and north of the study area. Evaporites, shallow-
water carbonates, and red beds dominate equivalent strata of the 
Minnelusa Formation in eastern Wyoming and western portions of North 
and South Dakota. These areas were a cratonic shelf extending to 
another marine connection at the western margin of the craton. An 
arid climate to the northwest is indicated by these rocks. Recon-
struction of the continent during the Late Pennsylvanian is shown in 
Figure 3.3 from Parrish (1982). Evaporites tend to form in the dry 
subtropics around 30 degrees North and South latitude. Equatorial 
air sinks along the 30 degree latitude producing stable, dry, high 
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Figure 3.2. Diagrammatic cross section of facies change of Mis-
sourian Kansas-type cyclothem approaching eastern detrital source 
and grading to the Illinois cyclothem (from Heckel, 1977, Figure 7). 
Illinois cyclothem is essentially equivalent to the Cherokee cyclo-
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Figure 3.3. Pattern of atmospheric circulation and upwelling for 
westphalian (Late Carboniferous) (from Parrish, 1982). At the cen-
ter of this hemispheric map is the Appalachian mountains in the 
eastern U.S. Base maps from Scotese et al. (1979). The upper map 
illustrates the locations of high and low atmospheric pressures and 
associated circulation pattern of surface winds during the northern 
winter. The lower map is the same area for the northern summer. 
Fine double diagonal-crossed (darkest) pattern are areas of poten-




pressure cells. As seen in Figure 3.3 the continents perturb the 
high pressure cells. Their persistence along this latitude toward 
the northerly portion of Laurasia would however explain the evidence 
for arid and semiarid conditions during the Pennsylvanian (Schopf, 
1975; Heckel, 1980). 
The sources and abundance of terrigenous elastics vary consid-
erably from the eastern to western Midcontinent, but the lateral 
persistence of most cyclothems has been documented in the subsurface 
by Parkhurst (1959). The cyclothems are not exact repetitions of one 
another (Watney 1980; Heckel, 1980) because specific units are not 
persistent or vary markedly in character, e.g. the black shale por-
tion of marine shale. 
Some 25 widespread cyclothems are recognized in the Upper Penn-
sylvanian of the Midcontinent. These sedimentary units were depos-
ited over a period of 10 million years. This makes the average 
duration of each cyclothem 400,000 years. Many carbonate-dominated 
cyclothems are quite constant in thickness on the stable shelf; this 
suggests the repetition of processes causing their develop-
ment. 
Lithofacies 
Cores reveal that all the cyclothems a~e asymmetrical and are 
by regressive facies (Watney, 1980). Each cyclothem begins 
with a thin, lower (transgressive) carbonate followed by a lower 
shale, then a thick, upper (regressive) carbonate, and 
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finally a upper (regressive) shale, which is quite variable in thick-
ness (Table 3). 
Table 3. Common Lithofacies Comprising Cycles in 
Upper Pennsylvanian 
Genetic No111enclature Descriptive Nomenclature 
(used here) 
1) regressive shale -------> 1) upper shale 
2) regressive carbonate -------> 2) upper limestone 
3) marine shale -------> 3) lower shale 
4) transgressive unit -------> 4) lower limestone 
Watney (1980) previously defined these lithofacies in the north-
ern portion of the study area. His description of the vertical section 
and the genetic interpretations form the basis for interpretations of 
this study (Table 4). The lower carbonate unit overlies and is 
sharply separated from the underlying cyclothem. This unit grades 
upward into the lower shale. The upper shale generally overlies the 
upper carbonate with a sharp contact (Table 3 and 4). The four 
cyclothems reported on in this investigation vary little from this 
succession although there is some diversity of lithofacies in various 
divisions of the the study area: north, west central, southwest, and 
over the CKU (Table 5). Plate 1 illustrates the facies succession of 
selected cores from each of the four cyclothems. 
The detailed variation within a lithofacies is of additional 
interest and includes differences in the skeletal composition aod 
abundance, grain types, and nature of porosity development in the 
upper carbonates. The four lithofacies components of the cyclothem 
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Table 4, Description and Interpretation ot Facies C0111Prisin9 the TyPical Sedimentary (yc1e, i..hich is the 
Basis tor the Interpretation Presented in the Text. 
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Table 5. General Lithofacies Components of the Kansas City Group 
Cyclothem in Kansas 





















to south commonly very 
thin to missing in 
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more silty to north; 
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NORTH 
Silty, calcareous, 
gray or green shale 
commonly oxidized to 
maroon color; brach-
iopods and crinoids 
common; restric-
ted facies with 
pelecypods and ostra-
codes associated with 
limestone nodules 
including layers 
of silty grainstone; 
interval thickens 
northward to more 
than 20 feet (6 m) 
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of open-marine 
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ment; extensive thick 
oolite developed 
as large sheet-like 
lobes that cover 
area, N-S lobes with 
E-W elongated fingers, 
major trends 
commonly consist of 
series of N-S lobes 
running NW-SE 
CKU 
Gray-green to black 
color; black shale is 
hard with concoidal 
and platey fractures; 




green shale contains 
predominately brachio-
pods; thickness varies 
from zero to several 
feet 
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marker bed to denote 
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cycle) coated (Qsagl~ 
grainstone-packstone 
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assemblage; locally 
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algae) or oolitic 
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play); base is 
erosional 
WEST CENTRAL 
As in north 
SOUTHWEST 
Dark-gray to black 
shales are the rule 
outside of the extreme 
southwestern area of 
study where unit 
becomes abruptly 
thicker, siltier, and 
contains more diverse 
fossils 
CKU 
Thin, extensive, silty 
to sandy grainstone 
to packstone commonly 
with Osagia at base; 
conglomeratic at 
base; pe~sists even 
when marine shale is 




thicker than to 
north; darker gray-
brown with diverse 
fossils in silty 
wackestone to 
packstone; preserved 
flecks organic matter; 
clean intervals with 
phylloid algae; base 
less distinctly 
erosional although 
hiatus is noted. 
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will be reviewed beginning with the lower carbonate at the bottom of 
the cyclothem DuBois (1979), Watney (1980), and Prather (1981) de-
scribed the facies variation in these cyclothems in the northern 
portion of the present study area. First, observations will be 
provided with reference to specific zones and cores with the aid of 
four maps locating representative cores from each interval (Plate 1). 
Next, a summary of the interpretation of the depositional envi-
ronments represented by each lithofacies and the diagenesis will be 
presented. 
The wireline-log signature of each lithofacies is quite similar 
cyclothem to cyclothem as illustrated by a gamma ray-neutron log 
(Fig. 1.4). 
Lower (Transgressive) Carbonate 
This basal lithofacies of the cyclothem is generally less than 5 
feet (1.5 m) thick, and its lithologic succession is quite constant. 
This thin unit can be correlated over long distances on wireline 
logs. The lower contact is sharp and commonly is distinctly erosion-
al, although erosional relief is insignificant and can only be iden-
tified in cores. The lowest portion is commonly slightly restricted 
to diversely fossiliferous packstone or grainstone or a thin layer of 
quartz sandstone or siltstone that grades upward to a diversely 
fossiliferous and increasingly argillaceous wackestone (Table 6, Fig. 
3 -4, Fig. 3.5, Fig. 3.6~. The upper contact with the lower shale is 
gradational, but the gradation occurs over only a few centimeters. 
Tbe lowe~ carbonate progresses rapidly from a lagoonal (or shallow 
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Table 6. Examples of Lower Contact and Composition of Basal 
Portion of Lower Carbonate. (Cores identified in 
Figure 1.2 and Plate 1) 
A. Lithoclastic grainstone with clasts of caliche and 
darkened, corroded clasts of micrite incorporated from 
underlying unit (on the CKU) 
1. J-Zone 
2. J--Zone 
Gore #4 Findley, Sec. 23-11s-21w 
Conoco #11 Ainsworth, Sec. 25-18s-8w 





Empire #8-2 Reidel, Sec. 31-9s-24w 
Pan American #8-6 Ohlson, Sec. 28-14s-14w 
Clinton #D-2 Stegman, Sec. 11-16s-17w 
C. Prominent basal conglomerate (on the CKU) 
1. H-Zone Stanolind #3 Denker, Sec. 1O-22s-12w 
D. Chert, carbonate, quartz pebble or boulder conglomerate (on 
the CKU) 
1. K-Zone Pan American #8-6 Ohlson, Sec. 28-14s-14w 
E. Quartz-siltstone-rich carbonate grainstone and packstone 
with composite intraclasts of oolite grains and chips of 
wood (on the southwest shelf) 
l. J-Zone Gary #21-5 Scheufler, Sec. 21-33s-2Ow 
F. Limited reworking with burrows filled with quartz 
siltstone in an intraclastic packstone; sharp basal 
contact (on the southwest shelf) 
1. J-Zone Cities Service #C-2 Blair, Sec. 29-3Os-33w 
G. Noticeable erosional scouring with lag conglomerate at 
the base of quartz siltstone and sandstone containing 
lithoclasts of mudstone and caliche (southwest positive 
area) 
1. G- and H-Zones Tideway #1 Beachamp, Sec. 19-3Os-40w 
Note: H-Zone in southwestern Nebraska has a pronounced 
erosional base (DuBois, 1979). 
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Figure 3.4. Photomicrographs and slab photos of lithoclastic grain-
stones with clasts of caliche and darkened, corroded clasts of 
micrite (on the CKU). 
A. Gore #4 Findley, 3742.5 feet. Slab photograph of sharp 
basal contact of J-Zone lower carbonate (tan lithoclastic, bioclas-
tic, diversely fossiliferous, osagid (Henbest, 1963). oncoidal, 
silty packstone) resting on green to red-brown mottled unfossil-
iferous calcareous siltstone of the K-Zone. Contact with irregular 
centimeter-sized relief truncating microcrystal line calcite nodules 
in siltstone. Inch scale on right margin. 
B. Photomicrograph of Gore #4 Findley, 3742.5 feet. Photo 
straddles sharp contact (a) that crosses core diagonally. Beneath is 
clotted, microcrystalline calcite which is cut by discontinuous, 
irregular, calcite-spar filled fractures. ~ome fractures surround 
areas of more dense or pure calcite and resemble circumgranular 
cracks of Wilson (1975). Silty fossiliferous packstone overlies this 
siltstone in erosional contact. Lithoclasts of carbonate rock have 
same microfabric as underlying calcareous nodules in siltstone. Bar 
scale represents one millimeter. Plane-polarized light. 
C. Slab photograph of Clinton #2-D Stegman, 3425 feet. Dark 
green fossiliferous shale of basal portion of the lower unit of J-
Zone sharply overlying light-green, unfossiliferous soft regressive 
shale of the upper shale of the K-Zone. Lower portion of the shale 
contains embayed, darkened carbonate clasts as seen in photograph. 
This shale is only 4 centimeters thick resting on the surface of a 
subaerial crust of the upper carbonate. Lithoclasts are probably 
derived from this exposed carbonate rock. Darker fossiliferous 
upper shale is only a centimeter in thickness with a coquina of 
shell fragments at its base which form a packstone of the lower 
carbonate. Bar scale is in centimeters. 
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Figure 3.5. (Cont. from Figure 3.4). 
A. Slab photograph from Clinton #2-D Stegman, 3742.5 feet. 
Base of the K-Zone contains corroded (fritted edges), darkened-
carbonate lithoclasts in green silty shale rapidly grading downward 
to silty, burrowed, osagid (Henbest, 1963), bioclastic packstone of 
lower carbonate. Immediately under this unit is a subaerial crust of 
the L-Zone. Bar scale is in centimeters. 
B. Slab photograph of Conoco #11 Ainsworth, 2986 feet. Base of 
J-Zone lower carbonate. Dark-gray, silty shale containing varied-
sized lithoclasts of dense, gray, mottled unfossiliferous lime mud-
stone. Fossils increase upward for another centimeter in the darker 
shale of the J-Zone to where it grades rapidly into a diversely 
fossiliferous wackestone. Underlying upper shale containing larger, 
more abundant limestone clasts in lighter-colored matrix is assigned 
to the K-Zone. Lithoclastic conglomerate of K-Zone rests on five 
feet of oolitic grainstone of the underlying upper carbonate, a 
lithology not represented among the clasts. Bar scale is in centi-
meters. 
C. Photomicrograph of Empire #B-2 Reidel, 3977.8 feet. Near 
base of lower carbonate of H-Zone. Silty, light brown wackestone 
that grades upward into a heavily-burrowed, green, silty fusulinid 
packstone to grainstone. A few lithoclasts of dense brown micro-
crystalline dolomite are slightly silty and contain circular voids 
surrounded by a halo of very dense, more pure carbonate (pedotub-
ules). Particles resemble nodular carbonate bodies (caliche) in 
underlying regressive shale of I-Zone. Clasts were probably derived 




Figure 3.6. Photomicrographs of silty basal portion of the lower 
carbonate in southern area of investigation. 
A. Photomicrograph from Cities Service #C-2 Blair, 4562 feet, 
base of J-Zone. Subtle but rapid transition upwards from unfossil-
iferous, dolomitic siltstone to bioclastic, crinoid, brachiopod-rich 
siltstone (a). Grades rapidly upwards into a pelmatozoan, molluscan, 
tubular-foramiferal packstone (b) with silt-free, non-dolomitic mic-
rite matrix. Evidence of erosion at base of zone is equivocal. Bar 
scale is one millimeter. Plane-polarized light. 
B. Photomicrograph from KRM #2-X Lemon, 4779 feet, base of J-
Zone. Quartz silt in argillaceous micrite containing small brachio-
pods and scattered bivalves. Lenticular wisps and stringers (a) are 
slightly translucent and deep red. Perhaps this material is organic 




subtidal to low intertidal) up into a subtidal deposit. Toomey 
(1969, 1972) described in detail the biota of a lower limestone (Lea-
venworth) from eastern Kansas. 
Observations are similar among the four cyclothems described in 
this investigation. The bases of the lower carbonates of the cyclo-
thems examined on the northern shelf and the positive areas including 
the CKU-CA and southwestern positive area all lie on an eroded sur-
face. Individual cores that contain more than one cyclothem show 
evidence of this erosion. Minor thinning or truncation of underlying 
units is suggested; e.g. each of the lower carbonates of the four 
cyclothems in the Stanolind #3 Denker (Sec. 10-22s-12w) rests within 
inches of the underlying upper carbonate without intervening upper 
shale or with only a very thin shale. 
Sandstones and conglomerates at the base of many cyclothems were 
derived from scouring and selective sorting of the underlying upper 
shale. Quartz sandstone locally exceeds five feet (l.5 m) in thick-
ness at the base of the lower carbonates. The sandstone and silt-
stone in the G, H, and I-Zones, for example, are important components 
in these cyclothems in the extreme southwestern part of the study 
area. In Cheyenne County in northwestern Kansas, the basal portion 
of the J-Zone is locally a coarsening-upward silty sandstone exceed-
ing 10 feet (3 m) in thickness. It serves as an oil reservoir in the 
Northrup field in Sec. 26-2s-42w. Core is available from a similar 
deposit at the base of the A-Zone in Cahoj field, Rawlins County in 
the #1 Bartosovsky well in Sec. 9-1s-34w. Quartz siltstone coarsens 
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upward to silty sandstone capped by a thin coquina of brachiopods and 
crinoids. This succession of facies is commmon in marine bar deposits 
(Reading, 1978). 
The basal portion of the lower carbonate is oolitic in the I-
Zone in Cities Service #D-2 Conover in Sec. 31-30-33w. Hopkins 
(1977) described in detail a thick local accumulation of oolite at 
the base of the A-Zone in the Lansing Group in the Wilson Creek 
field, Ellsworth County. Thirty feet (9 m) of oolite accumulated 
over a paleohigh located on an upthrown block of the prominent Ells-
worth fault. 
Depositional Environment 
of the Lower Carbonate 
The wide areal extent of this thin carbonate unit is striking. 
Its thickness:length ratio exceeds 5 x 105. Such thin but widespread 
marine deposits overlying a generally nonmarine elastic unit suggest 
a rapid inundation of the shelf. The transgression apparently was of 
short duration while affecting large areas of the shelf suggesting 
that either shelf-wide subsidence or eustatic sea level rise occurred 
bringing the sea back onto the shelf. 
Thin basal deposits of quartz silt and sand, darkened carbonate 
grains and clasts, and locally very fine-grained, dark-gray to black, 
microcrystal line peloids suggest selective sorting in shallow water 
with limited sedimentation during the initial inundation of the 
shelf. With inundation of the coastline, terrigenous sediments would 
have been trapped in estuaries. occasional storms could then rework 
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sediment on the shelf. Some sediments were apparently eroded; round-
ed clasts of caliche similar to that found in the underlying unit are 
the most direct evidence. 
The upper contact with the lower shale is nearly as sharp and in 
the outcrop is strikingly planar. Two explanations are possible for 
the rapid transition of the lower carbonate to the lower shale: 1) 
elastic influx that overwhelmed carbonate sedimentation, or 2) major 
deviations in the physical or chemical conditions such as modifica-
tions in salinity, water temperature, sunlight, or nutrients suffi-
cient to sustain carbonate-producing biota. 
The common occurrence of blue-green algally coated grains in the 
lower portion of this deposit suggest a shallow, sunlit seafloor 
affected by moderate current action. High-spired cerithid gastropods 
possibly denote a shallow, restricted lagoon. 0ncolites common to 
the lower portion of the lower carbonate imply specifically low-
intertidal and shallow-subtidal environments (Ginsburg et al, 1971) 
and possibly restricted-marine bay or lagoon (Wilson, 1975). 
The transition within the lower carbonate to subtidal deposits 
with a diverse assemblage of fossils is abrupt. Whole brachiopods, 
crinoid ossicles, bryozoa, fusulinids, and other foraminifera are the 
doainant fauna in these wackestones. Phylloid algae are common, but 
buildups are unusual. Core and wireline logs from the E-Zone lower 
carbonate in the Lansing Group show evidence of a phylloid algal 
micritic bioherm that measures 20 miles (32 km) by 6 miles (lO km) 
(Watney, 1980, Figure 57). 
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Evidence for deepening water during deposition of the lower 
carbonate has resulted in its classification as the transgressive 
carbonate of the cyclothem (Table 3, 4) 
Diagenesis of Lower Carbonate 
rule. 
Well-preserved depositional textures and skeletal grains are the 
Generally this carbonate was protected from the invasion of 
fresher waters by a barrier to flow produced by the overlying marine 
shale (Heckel, 1983). Consequently, carbonate rock of the lower 
carbonate has generally undergone slow grain-to-grain compaction in 
the absence of early ceaentation. Moreover, unstable grains have 
undergone neomorphisa in the absence of leaching as described by 
Heckel (1983). Railsback (1984) also observed that the lower car-
bonate in the Dennis Limestone was least affected by freshwater 
diagenesis. 
Finely crystalline pyrite commonly replaces both micritic matrix 
and carbonate particles, particularly those that are encrusted by 
blue-green algal rinds in the lower carbonate. The darkening so 
produced can affect the entire unit even the lowest portions which 
were deposited in clear-water, oxidizing, turbid environments. The 
precipitation of pyrite have occurred shortly after deposition. 
Other zones with dark, opaque flecks of organic matter also suggeSt 
that oxygen levels were low within the sediment during its accumula-
tion (Fig. 3.6 B). Textural selectivity cf the pyritization and 
preservation of organic suggest that reducing conditions pre-
vailed just beneath the sediment-water interface. The organic matter 
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associated with blue-green algal grain coatings, so common to the 
interval may have provided a favorable reducing substrate for pre-
cipitation of pyrite, perhaps assisted by sulfate-reducing bacteria 
(Berner, 1971). The very fine pore structure would tend to sustain 
microenvironments of low dissolved oxygen. 
Other evidence of early diagenesis includes the patchy recrys-
tallization of grains and micrite. Micrite is altered to brown, 
microcrystal line or microgranular calcite or dolomite spar. Collapse 
and fracturing of the matrix and skeletal grains is not unusual where 
dissolution occurs, particularly in phylloid-algae-bearing wacke-
stones (Ebanks and Watney, in press). Void-filling cements of these 
secondary pores consist of irregularly distributed fine to coarse-
sized, scalenohedral calcite spar. Early dissolution and recrystal-
lization of the limestone is likely to have resulted from adjustment 
to circulating undersaturated waters. Such diagenesis, however, is 
not common in this unit. 
Lower Shale 
The thin lower shale that overlies the lower carbonate (Table 5) 
is a very important and rather controversial lithofacies of the 
cyclothem. In western Kansas the lower shales vary from green or 
olive to gray-green, massive, silty or clay-rich to gray and black, 
carbonaceous, fissle clay shales, very similar to rocks in the out-
crop to the east. The black shale is most commonly separated from 
the adjacent carbonate rocks by at least a very thin gray shale. The 
126 
gray and green facies are fossiliferous, containing predominately 
open marine, benthonic organisms. The black shales in contrast 
contain predominately nektonic and nektobenthonic organisms 
with few if any benthonic organisms and abundant pelagic forms ac-
cording to Boardman et al. (1984). The unusual abundances of fauna 
such as conodonts and fish debris and lack of common marine inverte-
brates in most of these black shales has provoked numerous and con-
trasting explainations for this occurrence. Millimeter- to centi-
meter-sized horizontal burrows are commonly associated with green and 
gray facies. The abundance of macerated fossil debris in some back-
filled burrows and commonly scattered benthic invertebrates 
indicative of a normal marine bottom in the gray shale contrasts 
with the sparse fauna in the darker gray or black shale. 
Furthermore, the presence of nonskeletal phosphorite, pyrite, large 
amounts of finely comminuted organic matter, and trace metals in 
elevated concentrations is well documented (Heckel, 1977; Cubitt, 
1977; Watney, 1979; Malinky, 1982; Boardman etal, 1984). 
Boardman et al. (1984) identified several faunal communities 
associated with specific lithotopes of the lower shale. The black 
fissile, clay-rich, phosphate-bearing shale contains Caneyell~ and 
Dunbarell~ bivalves, ammonoid and nautiloid cephalopods, sharks, 
conodonts, radiolarians, and conularids. Malinky (1980) has also 
identified less abundant hyoliths, rostroconchs, possible arthro-
pods, and problematical fossils. Black shales also contain orbicu-
loid and linguloid brachiopods, and fish remains. Dark-gray to 
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black, nonfissile shales contajn the subcommunity Sinuitina-juvenile 
ammonoid-Anthraconeilo, dominated by juvenile ammonoid cephalopods, 
bactritoid cephalopods, and Sinuitina (Bellerophontid) gastropods. 
Dark gray to medium gray, clay-rich lower shales contain the subcom-
munity Trepospira-aature a11111onoid-Anthraconeilo subcommunity. 
The community repre-
sents pelagic, nektonic, and nektobenthonic organisms. Benthic or-
ganisms are absent according to Boardman et al.'s interpretation, 
because of an anoxic bottom. However, Schram (1984) described four 
species of benthic arthropods collected from three black shales 
including the Stark and Hushpuckney shales near Omaha, Nebraska. 
Also the diversity of the pelagic taxa is highest in this community 
which was considered by Boardman et al. (1984) to be essentially 
identical to the deep-water community of the Lamar Limestone of the 
Delaware basin as reported by Babcock (1977). 
The Sinuitina-juvenile ammonoid-Anthraconeilo subcollllllunity is 
interpreted to represent dysaerobic waters while the Trepo-
spira-eture ammonoid-Anthraconeilo subcommunity represents more 
fully oxygenated, normal-salinity, low energy conditions. The maxi-
diversity of benthic and nektobenthic invertebrates occurs in 
higher taxonomic levels in the latter subcommunity. The i1111ature 
taxa in the former is explained by Boardman et al. 
(1984) as due to catastrophic kills caused by periodic depletion of 
oxygen in the water column. The good preservation of the juvenile 
ammonoids suggests lack of predation or turbulence, and they are 
considered autochthonous occurrences. 
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The green or olive to gray-green shales contain small productid 
brachiopods, echinoderms, and less co-only bryozoans, corals, mol-
luscs, ostracods, and even fusulinids. The fauna is interpreted as 
benthonic and open marine. 
Boardman et al. (1984) have observed in all cases a lateral 
succession from the black, fissile, clay-rich shale and its asso-
ciated faunal community into the dark-gray and gray marine shales 
around the limits of the deposit in the outcrops examined in Oklahoma 
and Kansas. They also observed that the black shale, however thin, 
has the most extensive distribution of all the facies that comprise 
the cyclothem, even in areas of significant terrigenous influx. 
Phosphate nodules are typical of the black shales and range in 
size from millimeters to centimeters (Kidder, 1982). The presence of 
this nonskeletal phosphate correlates with the high levels of preser-
vation of organic matter and pyrite. 
Phosphate nodules are composed of apatite and generally contain 
abundant and diverse radiolarians with occasional pelagic megafossils 
such as nautiloids and fish bones. Detrital material and terrestrial 
palynomorphs are absent. Kidder (1982) explained the origin of 
phosphate nodules by precipitation from interstitial water into ra-
dlolarian tests resulting in displacment of sediment below the sedi-
aent-water interface. He attributed the phosphorous to breakdown of 
Planktonic organisms and fecal material. A terrestrial source for 
phosphate brought to a marine setting in solution and suspension by 
rivers may also be possible according to information from modern 
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rivers (Baturin, 1983). Phosphate in modern sediments has also been 
attributed to dissolution of fish debris (Suess, 1981). The simi-
larity of the Missourian phosphorites to modern ones suggests slow 
rates of sedimentation (Kidder, 1982; Nodine-Zeller et al, 1979). 
Heckel (1977) argued that the phosphate is an indicator of 
stagnant, anoxic bottom conditions during deposition of black shale. 
This environment was probably responsible for the early pyritization 
and general darkening of the underlying transgressive limestone as 
previously described. 
Lower shales thicken along the the northern or landward edge of 
the study area (Table 7). They commonly thicken northward at the 
expense of the upper carbonates (DuBois, 1979; Watney, 1979; Plate 1, 
Watney, 1980). The common dark-colored facies is replaced by gener-
ally silty, green calcareous lower shale in southern Nebraska. Simi-
larly, limited information suggests that in extreme southwestern 
Kansas significant terrigenous elastic influx proceeded concurrently 
with deposition of the lower shale resulting in silty gray-green 
facies that replaces the black shale (Table 7). 
Portions of the non-black shales may still represent dysaerobic 
conditions and perhaps deep water (Heckel and Baesemann, 1975; Board-
et al, 1984), but detailed palecological investigations of these 
shales has not been conducted. 
The lower shale is generally on the order of two feet (0.6 m) 
thick, but in northern Kansas and southern Nebraska, the nonblack 
shale can exceed 20 feet (6 m) in thickness (Watney, 19SO). 
Along the CA-CKU the cored wells reveal another facet of the lateral 
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Table 7. Facies Relationships of the Lower Shale. 
A. Generally thick gray or green lower shale 
1. G-Zone in Rawlins County in northwestern Kansas [cross 
section in Watney (1980), Plate 1] where marine 
shale thickens toward the north (landward) 
replacing the lower portion of the upper carbonate. 
2. J-Zone in Hitchcock County, Nebraska, contains 
thick green and gray brachiopod-rich shale with maroon 
and brown mottling (secondary oxidation) (DuBois, 
1979). 
3. Tideway #1 Beachamp, Sec. 19-30s-40w (southwest shelf) 
a. H-Zone -- thick, dark gray to dark green fossil-
iferous argillaceous siltstone and shale with 
diverse fauna (fenestrate bryozoa, crinoids, 
brachiopods); unit is coarse grained and thicker 
than in other areas on southern shelf; basal 
deposit is caliche-clast carbonate conglomerate 
b. I-Zone -- thin upper carbonate rock underlain 
by thick gray-green siltstone to fine-grained 
quartose sandstone; lenses are micritic with 
abundant, diverse fossils; ripple cross 
lamination 
B. Areas lacking lower shale or with unusually thin but 
open-marine facies (Central Kansas uplift) 
1. ff-Zone Pan American #B-6, Sec. 28-14s-14w 
0.5 feet (15 cm) green shale with lenses of brachiopod, 
crinoid, tubular-foraminiferal coquina 
2. ff-Zone (Same well as in 8.1) 
0.3 feet (9 cm) of dark-gray shale; high diversity of 
fossils similar to the underlying limestone 
3. H- and I-Zones Stanolind #3 Denker, Sec. 10-22s-12w 
0.4 feet (12 cm) and 0.2 feet (6 cm) of soft green 
shale with lenses of limestone 
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4. I-Zone (Same well as in B.1) 
no distinct marine shale; basal regressive carbonate is 
very argillaceous and silty wackestone with diverse 
fauna (fusulinids, other foraminifera, brachiopods, and 
crinoids); abraded skeletal grains in silty quartz 
sandstone matrix at bottom of cyclothem 
5. I-Zone Conoco #11 Ainsworth, Sec. 25-18s-8w 
no marine shale 
6. K-Zone (Same well as in B.1) 
interlayered thin diversely fossiliferous gray and 
green shales and thin open-marine wackestones resting 
on conglomerate and eroded Precambrian surface 
(Note: marine shale of J-Zone in contrast is thin 
(0.6 feet or 18 cm), but is dense and black 
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variability of the lower shales. These shales are not present in 
several areas of this positive feature of the shelf (Plate 1). 
Shales with thicknesses less than 2 feet (0.6 m) are sometimes not 
resolved by the wireline logs. The lower part of the upper carbonate 
can be difficult to discriminate the lower carbonate in these 
situations. The lower shales were either eroded or not deposited at 
various locations on the CA-CKU in all of the four cyclothems. Where 
they are missing, either the upper carbonate unit lies directly on 
the lower carbonate or a thin zone of alternating layers and lenses 
of non-black silty shale and wackestone succeeds the transgressive 
unit. Several examples illustrating associated changes in the lower 
portion of the upper carbonate when the lower shale is missing or 
poorly developed are found in Figures 3.7 and 3.8. 
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Figure 3.7. and slab photographs of lowermost 
portion of the upper carbonate and upper portion of the lower car-
bonate areas lacking lower shale or with unusually thin but 
facies. 
A. Gore #4 Findley, 3741 feet, base of J-Zone regressive 
carbonate. Slab photograph illustrates very silty, green brachio-
pod, crinoid, fusulinid, aolluscan wackestone (a) resting on dark 
green, silty, brachiopod-bearing shale (b). Contact is gradational 
between lower shale and the regressive carbonate. Silty 
fossiliferous carbonate is couon in this area of the shelf in all 
zones. Scale bar is divided into centimeters. 
B. Conoco #11 Ainsworth, 2984 feet, base of the regressive 
carbonate of J-Zone. of brown, burrowed, calcareous 
siltstone containing bryozoan, tubular bra-
chiopod, crinoid, and argillacous matrix. Underlying shale 
(not shown) is only few centimeters thick without change in abundance 
of fossils. Lower carbonate rests on upper carbonate of K-Zone which 
is silty and is similarly composed of fossiliferous light brownish-




Figure 3.8. Lowermost portion of upper carbonate and upper portion 
of lower carbonate from areas lacking marine shale or with unusually 
thin but open marine facies continued from Figure 3.7. Photomicro-
graphs in plane-polarized light, 1 mm scale. 
A. Pan American #8-6 Ohlson, 3130.5 feet, base of I-Zone and 
base of upper carbonate. Photomicrograph of gray-green quartz silt-
stone containing a very calcareous, argillaceous matrix with scat-
tered small bivalves and foraminifera. Intermittent layers contain 
more micrite matrix and fossils. Underlying or overlying fossili-
ferous marine shale is lacking. Unit rests sharply on gray-green, 
soft, unfossiliferous shale which grades downward to red-brown shale 
interpreted as upper shale of the K-Zone. 
B. Tideway #1 Beauchamp, 3974 feet, lower I-Zone. Photomicro-
graph of green, silty, brachiopod, bryozoan, crinoid, mollusc, en-
crusting foraminifera (osagia) wackestone from limestone lens in 




Depositional Environment--Lower Shal~ 
The lower shale, although normally thin, represents deposition-
al conditions notably different from the adjacent transgressive and 
regressive carbonates. It represents the lowest energy and probably 
deepest water conditions of the cyclothems (Table 4). The shale 
commonly reflects restricted, anoxic conditions, distinctly differ-
ent from those that controlled the deposition of the adjacent car-
bonates (Table 5). The lowest energy and most open-marine condi-
tions represented by the adjacent carbonate rock units produce a 
nearly symmetrical facies distribution. 
The open-marine, low-energy subtidal environment of the lower 
carbonate frequently became increasingly muddy during deposition of 
the top of the unit yet the onset of lower shale deposition was 
apparently rather rapid. The contact between these two units is 
sharp. The environment during the accumulation of lower shale was a 
low energy, subtidal setting over almost all of the area of study 
and throughout the area extending to the outcrop belt. The result 
was the slow accumulation of predominantly clay-sized particles of 
terrigenous detritus. Paleobathymetric highs along the CKU, the 
southwestern Kansas positive area, and southwestern Nebraska were 
exceptions. There mixed carbonate-elastic facies were deposited. 
The gray or greenish-tinted shale facies of the lower shale 
rests on the lower carbonate. In many places on the shelf this 
facies is very thin and is succeeded by the dark gray to black 
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facies. The question of the water depth during the accumulation of 
this very extensive black facies remains open. Elevated concentra-
tions of trace elements, organic matter, and phosphorite with an 
unusual faunal assemblage suggest slow accumulation of the shale 
under anoxic conditions, perhaps in relatively deep water. This 
also suggests that the bottom was generally uninhabitable for inver-
tebrates and higher of animal life. Schram (1984) concluded, 
for example, that the arthropods were deeper-water marine forms and 
were incorporated in this sediment as catrastrophic kills probably 
occurring during fluctuating anoxic bottom-water conditions. The 
diainished thickness of the shale and the frequent loss of the black 
shale facies over the CKU suggest that shallower water conditions 
have prevailed in this localized area. Moreover, the black 
facies grades into thicker open-marine shales on the northern shelf 
(Table 7). Also on the extreme southwestern shelf the lower shale 
has a very silty matrix with diverse fossils including abundant 
benthic forms. These facies relationships support the hypothesis 
that the black shale represents the deeper water phase that accumu-
lated distant sources of active terrigenous elastic influx 
and under slower rates of deposition. 
Evidence of slow sedimentation during the of Mid-
continent black shales is abundant. The co-on abundance of phos-
phate in black shales, the concentrations of generally sparse fos-
sils such as conodonts and fish debris, and the concentration of 
organic matter SUEgest that sedimentation rates were reduced (Hec-
kel, 1977, 1980). Evans (1967) also suggested that the black shale 
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represents a major diastem developed during high sea level. The 
Excello Shale, a widespread, black, fissile marker at the top of the 
Cherokee Group, is composed of horizontally oriented clay mineral 
plates lying in face-to-face contact (James, 1970). This unusually 
high degree of orientation is common to this facies and perhaps 
suggests slower rates of sedimentation. Potter, Maynard, and Pryor 
(1980) would classify this shale as having parallel horizontal 
bedding resulting from episodic suspension sedimentation in still 
water in the absence of bioturbation. Reineck and Singh (1975) 
attributed parallel orientation of clay minerals to single grain 
sedimentation. Commonly when the clay particles carried by rivers 
mix with sea water the particles are destabilized by the compression 
of the double water layer around each particle. If the concentra-
tion of particles is great enough they collide to produce floes or 
aggregates of hundreds of essentially random-oriented particles 
(Gibbs, 1983). Low concentrations of particles or perhaps a film of 
organic matter could limit the formation of floes resulting in a 
high degree of horizontal orientation. Compaction and post-deposi-
tional diagenesis including recrystallization of the clay minerals 
would be expected to affect the orientation observed. However, 
overburden pressure alone has not been found to be sufficient to 
orient clay flakes from an originally flocculated condition. There 
is no consistent correlation between fissility of shale and burial 
depth. 
The upper, gray and green-tinted facies of the lower shale 
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always grades, albeit rapidly, into the regressive carbonate. These 
nonblack shales represent a transition from anoxic bottom waters 
through dysaerobic to normal-marine conditions (Malinky, 1980). 
Epeiric seas present problems in models for generating wide-
spread black shale. The model proposed by Heckel (1977) requires 
upwelling of nutrient-rich cold waters from adjacent oceans onto the 
craton and transportation of these waters across the craton with 
wind-driven quasi-estuarine circulation (Figs. 3.9 and 3.10). Cook 
and McElhinny (1979), moreover, concluded that although upwelling 
can be a viable mechanism for black shales and phosphorite deposited 
at continental margins adjacent to deep oceans, it is not an appro-
priate for generating anoxia over extensive cratonic seas. 
Parrish (1982) has suggested that there may be alternatives to 
Heckel's model because of variations of the surface winds not con-
sidered by Heckel. Parrish (1982) suggested that ancient atmospher-
ic circulation controlled by the configuration and location of 
continents determines the location of upwelling. In the northern 
hemisphere oceanic upwelling can occur along a coast with a wind 
blowing parallel to the coast with the coast at the left. The 
Coriolis effect deflects the topmost layers of water to the right. 
The net transport of water is then offshore resulting in bottom 
waters shoreward (opposite) to replace the surface waters, a 
called transport. Parrish suggested that as sealevel 
rises upwelling and the oxygen-minimum zone may spread unto the 
craton. Furthermore, a shallow shelf gradient may result in upwel-
ling from the geographic shoreline with an extensive anoxic 
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Figure 3.9. Heckel's (1977) model for generation of anoxic bottom 
waters on a west-facing tropical epicontinental sea during highstand 
of sea level (bottom) compared to that during low stand in sea level 
(top). Large quasi-estuarine circulation cells (Brongersma-Sanders, 
1972) and resultant upwelling were established due to the prevailing 
westerly surface winds during high stand. A thermocline results in 
depletion of bottom oxygen and concentration of phosphate. 
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Figure 3.10. Paleogeographic map showing probable facies relations 
of Upper Pennsylvanian Midcontinent sea during deposition of marine 
(lower) shale along Midcontinent outcrop at phase of maximum trans-
gression (from Heckel, 1980). Hachured lines show approximate loca-
tion of outcrop (solid) and subcrop (broken) limits of Upper Penn-
sylvanian strata. Short dashes show facies boundaries and north 
limit of Anadarko basin. Long dashes show extent of sea. Litho-
logic symbols are standard, with some explaination or emphasis 
added. Key for abbreviations of U.S. cities for location are as 
follows: CA - Casper, Wyoming; FW - Fort Worth, Texas; T - Tulsa, 
Oklahoma; KC - Kansas City, Missouri; D - Des Moines, Iowa; c -
Chicago, Illinois; L - Louisville, Kentucky. 
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zone perhaps developed on the craton provided the water is deep 
enough to permit significant water stratification. The distribution 
of the anoxic zone may be scattered across the shelf in part related 
to the dynamics of the upwelling phenomenon and the development of 
the layers (water 11asses with opposing currents, i.e. outward 
flow at surface and return flow at the (Parrish, 1982). As 
long as these layers are maintained the upwelling is possible. The 
limit of upwelling onto the craton is the bathymetric contour mark-
ing the depth where turbulence takes over, i.e. where the two layers 
disperse. This does not neccessarily parallel the shoreline. With 
very shallow gradients of the bottom the upwelling may be widely 
distributed. The minimum depth for upwelling (and Ekman transport) 
is 165 feet (50 according to Parrish (1982). Organic productivi-
ty due to upwelling of nutrient-rich water should decrease away from 
the site of upwelling according to Parrish. This pattern appears 
should be significant in evaluating the cause of the organic-rich 
sediment. 
Parrish (1982) also supported Demaison and Moore's (1980) Black 
Sea model (Fig. 3.11), as an alternative to upwelling where anoxic, 
silled basins developed on the craton. This model requires a con-
tinuous influx of fresh water to create a persistent salinity stra-
tification (halocline). The lack of circulation on the bottom 
eventual4' results in anoxic conditions as decomposition of primari-
ly terrestrial particulate organic matter depletes the dissolved 
oxygen. 
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Figure 3.11. Model for semi-enclosed anoxic cratonic basin using 
criteria from Demaison and Moore (1980). 
inflow: 
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SEMI-ENCLOSED ANOXIC CRATONIC BASIN MODEL 
POSITIVE WATER BALANCE 
(after Demaison and Moore, 1980) 
cool nutrient-rich oceanic water, normal salinity 
outflow: 








elevated salinity, trap for organic matter 
POSITIVE 
(from Demaison and Moore, 1980) 
Sill: Restrict vertical mixing to enhance water stratification 
Isolated positive bathymetry: Mid-basin relief above halocline 
with resultant dominant oxygenated or dysaerobic conditions 
(Hallum and Bradshaw, 1979). 
Shelf basin (depression): Acts as nutrient trap, depleting 
dissolved oxygen leading toward preservation of organic 
matter. 
Favorable paleogeographic setting: Temperate to warm, moist 
intracratonic setting, also in pockets along continental 
shelf margin (Demaison and Moore, 1980). 
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The permanent halocline marking the boundary between the oxic 
and anoxic conditions in the Black Sea ranges from 820 to 500 feet 
(250 to 150 a) and coincides with the 20,000 milligram/liter isoha-
locline. The water depth is nearly 5000 feet (1.5 km) while 
the sill is located at 90 feet (27 a) below the surface. Demaison 
and Moore (1980) considered that the Upper Jurassic black shales of 
western Siberia, southern England, and the North Sea and the Mowry 
Shale in the western U.S. are explained by anoxic silled basins 
analogous to the Black Sea. 
Moist equatorial lands alongside the Appalachians and the Oua-
chitas could have provided significant freshwater runoff and organic 
matter during the Missourian. However, a thick continuous layer of 
fresh and brackish water covering the entire water mass of the Mid-
continent sea was improbable during the development of these cyclo-
However, salinity in the surface waters may have been some-
what reduced. The varying pattern of precipitation and atmospheric 
circulation may have episodically al lowed extensive coverage by 
fresher surface water. The runoff have also contributed signi-
ficant of suspended organic matter to the cratonic sea. The 
salinity stratification due primarily to freshwater influx, albeit 
not continuous, and positive water balance of Demaison and Moore 
(1980) seems more probable than exclusive upwelling derived from 
oceanic processes. Surface water outflow would help to create 
estuarine circulation and assist wind-generated surface currents and 
may have encouraged upwelling of cold marine waters from the edge of 
the craton (Fig. 3.12). 
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Figure 3.12. Map is annotated to describe environmental conditions 
in generating anoxic conditions on the cratonic sea as 
described in the present study. The following abbreviations are 
used: - Ancestral Rocky mountains, U - Ma - Marathon 
mountains, O - Ouachita Ap - Appalachian mountains, Ta -
Transcontinental arch, An - Anadarko basin, M - Midland basin. 
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LATE CARBONIFEROUS PALEOGEOGRAPHIC SETTING IN THE MIDCONTINENT 
DURING THE ACCUMULATION OF THE MARINE SHALE FACIES 













[pa 1 eogeography from Hecke 1 ( 1977) and equator from 
Parrish (1982); area of study is marked as a X] 
Partial outline of U.S. is dashed. 
Easterly winds in winter off continent away from 
stabilized high pressure on continent's interior 
(winter monsoon, low precipitation); would promote 
upwelling from west unto craton (see Figure 3.3 
for hemispheric map after Parrish, 1982). 
Westerly varying to northwesterly winds in summer 
onto continent toward low pressure on continent's 
interior (summer monsoon, high precipitation); 





The actual amount of precipitation on the bounding exposed 
lands of the Appalachians and Ouachitas is open to debate. An 
eastward trend in moisture reduction is suggested by diminished coal 
resources in the west through increasingly younger Pennsylvanian-age 
sedimentary rocks. The trend toward increased dryness begins in the 
western Midcontinent and eventually reaches the Appalachians between 
latest Des Moinesian and earliest Missourian. Yet, the mean 
during the Missourian in the Midcontinent and to the east 
was moist, not arid or semi-arid (Phillips and Peppers, 1984). 
Restricted occurrences of paleosols, red beds, and caliche are more 
abundant in the Conemaugh Group (Missourian) in the Appalachians 
than older strata, but suggest short episodes of drier seasonal 
conditions followed by dominant moist conditions (Schutter, 1984). 
Evans (1967), who examined the geochemistry of the Heebner 
Shale of the Virgilian Oread Formation, also invoked the Black Sea 
model for the origin of anoxic conditions. He proposed that a 
narrow pass around the western edge of the Wichita Mountains re-
stricted access of open-marine waters to the Anadarko basin and 
interior of the craton, a paleogeographic reconstruction that ap-
pears valid today. Stagnation resulted from limited circulation. 
Evans' explanation would help to explain the greater abundance of 
black shales in the Middle and Upper Pennsylvanian strata throughout 
the Midcontinent than in equivalent sediments on the eastern shelf 
of the Midland basin unless this latter shelf was perhaps a shallow-
er setting (Boardman et al, 1984). Black shales developed on this 
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shelf or in basinal areas of the Midland basin would be more easily 
explained by upwelling and differences between the black shales 
might be anticipated. The isolated stratified model would also be 
applicable to deposits of sapropelic black dolomites deposited dur-
ing the Middle Pennsylvanian in the Paradox basin (Hite, 1978). 
However, sulfate and halites associated with these dark dolomites 
would preclude a low salintiy layer due to freshwater runoff like 
the Black Sea. Semi-arid conditions are also suggested by other 
evidence (Schopf, 1975). 
According to Demaison and Moore (1980) and Rossignol-Strick 
(1982) a warm, tropical climate would also induce thermal stratifi-
cation of the water complementing any freshwater influx. The 
equatorial, cratonic setting of the sea would both encourage the 
development of elevated temperatures in the upper layers of the 
water column and perhaps promote a positive water balance due to the 
input of freshwater. Deeper sub-basins on the craton would tend to 
mixing of the water where the sea floor was below wave fetch. 
An abundant supply of organic matter could then deplete the oxygen 
in the lower portion of the water column at these locations. Given 
the significance of thermal stratification, variations in the bathy-
could provide for local variation in the degree of stag-
nation or induce episodic fluctuation between anoxic, dysaerobic, 
and oxygenated bottom conditions. This would more closely the 
Widespread yet patchy distribution of anoxic sediments which appear 
to be dependent on local Evidence supporting the loss 
of black facies of the lower shale is provided in this study and 
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others, e.g. James (1970) and Price (1982). 
The developaent of a transient anoxic bottom layer during 
transgression was described in an example presented by Petters and 
Ekweozor (1982). They analyzed the distribution of foraminifera, 
total organic carbon, hydrocarbon and total sulfur in 
black and dark-gray shales of Cretaceous age in the Benue 
trough of Nigeria. They demonstrated that much of the organic 
matter came from a terrigenous source. An estuarine circulation 
pattern driven by drainage of substantial volumes of freshwater off 
the tropical landmass to the east introduced the large quan-
tities of terrestrial organic that consumed much of the 
oxygen in the shallow cratonic sea. A positive water balance from 
fresh-water input in this confined inland sea resulted according to 
Petters and Ekweozor (1982) in density and perhaps thermal stratifi-
cation and stagnation of the bottom waters without a recognized 
bathymetric sill between this depression and the deep ocean. 
Stronger anoxia is indicated in the more distal, landlocked parts of 
the Benue sea. Locally, stenohaline organisms such as ammonites 
were trapped in this marginal, landward setting and died en~-
Similar reasoning and comparable models are provided by Rossignol-
Str-ick (1982) and Seibold and Berger (1982). (See Figure 3.11). 
Petters and Ekweozor (1982) believed that anoxic conditions are 
ioduced by water stratification significantly affected by estuarine 
flow (positive water balance) developed during transgression wi th 
high organic productivity and oxygen loss due to the influx of large 
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concentrations of terrestrial organic matter. 
This setting has several important similarities to the Midcon-
tinent epicontinental sea of the Pennsylvanian. Widespread inunda-
tion of the large deltas occurred in the eastern Midcontinent and 
the Appalachians during transgression, as described by Wanless 
(1964) and Baird and Shabica (1980). The rising sea then gradually 
covered broad freshwater coal swamps that the large delta systems to 
the east (Wanless, 1975). With the rise in base level during ini-
tial inundation of the delta, some of this organic was pro-
bably dispersed into the sea water. The combination of unfavorable 
substrate and turbid water containing high concentrations of organic 
debris apparently was enough to inhibit or the development 
of the transgressive carbonate (Heckel, 1977). Large volumes of 
freshwater carrying suspended organic matter could also have been 
dispersed over much of the deepening cratonic sea, also providing a 
positive water balance and outward surface flow and perhaps encour-
aging inflow of bottom oceanic water. Once water was sufficiently 
deep, thermal and density stratification may have resulted. The 
fraction of water volume contributed to the epeiric water body by 
the freshwater influx would be and would be concluded to be 
inadequate to produce a thick surface layer of freshwater that would 
result in salinity stratification. The predominance of stenohaline 
fauna in the lower shale supports this conclusion et al, 
1984). Thermally stratified lakes such as those in East Africa have 
a perennial thermocline developed between 230 to 330 feet (70 to lOO 
•) below the surface, but seasonal change and variations in salinity 
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and areal extent of the water body do not permit a precise general-
ization of depth of the thermocline (Degens and Staffers, 1976). 
The level of stagnation was perhaps greatest in the depressions 
on the shelf (Hallam and Bradshaw, 1979), a similar conclusion to 
that stated above. Anoxia could have resulted from the depletion of 
oxygen in these areas of stagnation due to the abundance of terrige-
nous organic matter brought in from the shore. 
The setting described by Petters and Ekweozor (1982) also 
provides means of terminating the anoxic bottom conditions. This 
would happen when most of the exposed terrane was inundated during 
aaxiaum transgression, leaving no means of concentrating surface 
runoff which created the positive water balance and also eliminating 
the major source of organic matter that could consume the oxygen. 
The termination of convective heating of the land surface during the 
suuer (tropical SUIRlller monsoon, Miller and Thompson, 1975) could 
dramatically alter the rainfall pattern and similarly reduce the 
positive water balance (outflow) of the craton-dominated system. A 
gradual return to oxic, nontoxic bottom water would restore normal 
conditions to the sea floor. 
The black shale is typically overlain by a thin, dark-gray to 
gray shale layer and is typically barren of aragonitic taxa. In 
Particular, Boardman et al. (1984) note the loss of two ammonoid-
bearing units overlying and underlying black shales in Kansas, 
Illinois, and Indiana. These areas are also locations of 
elastic sedimentation during the of this interval. 
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They propose that these aragonitic aamonoids and other molluscs were 
not preserved because of reduced rates of sedimentation 
during the accumulation of the lower shale. The environment they 
ascribe to this interval is dysaerobic (low oxygen) based also on 
fauna! attributes. These observations and conclusions are also sup-
ported by Heckel (1983). It appears that with dysaerobic conditions 
during the slow accuaulation of the gray shales dissolution of 
carbonate dominated without any significant phosphatization. This 
period of very slow sedimentation may be related to water depth, 
perhaps representing a time when the sea floor was below the photic 
zone (Heckel, 1977). The accumulation of carbonate sediment would 
not begin until the water level lowered to where carbonate-secreting 
organisms could again flourish on the sea floor. This lowering 
would also be followed by a renewed progradation of the deltas and 
accumulation of terrigenous elastics. The inundation of the shore-
line, the loss of both a positive water balance and organic matter 
may have initiated the return to oxygenated conditions. 
Anoxic bottom waters might be expected to be more prevalent in 
depressions proximal to the deltas, the major source of the organic 
matter. This would be opposite the anticipated increase of organic 
•atter simple oceanic upwelling. Moreover, the lateral change 
predominately black to all dark-gray and gray shales in the 
area of study is significant and may be a function of paleobathyme·· 
try. At isolated locations the lower shale is not even recog-
nized as a distinctive unit. The faunal distribution of these non-
black shales has not been examined in the detail that Boardman et 
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al. (1984) have done elsewhere. Deep-water communities may be 
present within these intervals, albeit in thin deposits and only 
identified with detailed paleontologic examination. 
Hallum und Bradshaw (1979) described a similar example of 
anoxic conditions on the northern European shelf durjng the early 
Toarcian where lows on the sea floor were sites of 
anoxic waters. The London-Brabant platform protruded above 
the anoxic water layer; here organic-poor, non-black argillaceous 
and oolitic limestones were deposited rather than black shale. 
These authors emphasized that while the black shales were deposited 
in water deeper than contemporary non-black shales, they may not 
necessarily differ significantly in depositional depth from non-
black facies stratigraphically above or below them. What they 
suggested then is a change in physiochemical conditions of the water 
related to varying relief across the shelf that led to a change in 
lithofacies (Fig. 3.11). 
Hallam and Bradshaw (1979) noted that black shales are not 
found near the tops of regressive sequences, nor are they fully 
developed in the thicker basinal sequences. This is similar to the 
observed lithofacies successions in the Missourian of the Midconti-
nent. The black, organic-rich shales were also deposited well onto 
the craton remote from the shelf margins. 
Poor circulation in a water body such as in a cratonic sea with 
a very laFge ratio area to depth would be encouraged according to 
the calculations of Keulegan and Krumbein (1949). They also suggest 
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that an abundant supply of vegetable matter associated with a humid, 
warm setting could lead to establishing anoxic conditions in the 
lower water column of the shallow cratonic sea. Only after the 
organic matter was eliminated or when the sea shallowed would normal 
marine conditions be established. This is quite compatible with the 
models of Deaaison and Moore (1980) and Petters and Ekweozor (1982) 
except that in the later model, influx of freshwater and elevated 
further promoted stratification of the water mass and 
that terrestrial organic matter consumed the oxygen resulting in 
anoxia. Water depth in any model, however, had to be sufficient to 
allow stratification to occur, perhaps 230 feet (70 m) minimum for 
development of a thermocline (Degens and Staffers, 1976) or the 165 
feet (50 a) for upwelling (Parrish, 1982). 
Upper Pennsylvanian dark shales and limestones are found in the 
deeper basins such as the Anadarko (Rascoe, 1962) and the Midland 
basins (Wanless, 1958). Yet, thin, metal-rich, radioactive black 
shales are restricted to the interior cratonic setting. Further-
these cratonic shales do not increase systematically in con-
tent of organic matter, phosphate, or heavy metals including ura-
nearer to the margins of the shelf (southwestward) as men-
tioned below. The implication is that these anoxic conditions on 
the Craton are controlled by processes primarily restricted to the 
Craton as described. 
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Geochemical Trends in Lower Shale 
The model can be tested using measurements of gamma radiation 
in the sedimentary rocks and geochemical analyses. Levels of natu-
ral gaa1111 radiation correlate with concentrations of organic matter 
in the black-shale facies as previously recognized in strata of 
other ages (Johnson, 1975; and Moore, 1980). The recording 
of this radiation in the subsurface requires a calibrated natural 
log and can provide a means of mapping the distribu-
tion of this facies. 
Organic matter associated with upwelling should have higher 
concentrations of algal or sapropelic organic than humic or 
terrestial plant debris (Dow, 1978; Demaison and Moore, 1980), 
because activity of phytoplankton is highest in these areas of 
upwelling along continental shelves (Hallam, 1967). Therefore, 
knowledge of the source of the organic matter aay provide a link to 
the origin of the anoxic conditions. The geochemical analysis of 
the organic could reveal its origin, but Demaison (1981) 
warned that anaerobic microbial reworking can transform terrestrial 
non-sapropelic organic matter into a lipid-rich fraction that looks 
like organic 11atter derived from planktonic organisms. Never-
theless, the hydrogen richness, pyrolysis yield, and soluble lipid 
content, co-only analyzed indicators of potential petroleum source 
rocks, can be used as a amounts of biodegraded and sapropel-
ic organic These routine geochemical measurements may even-
tually assist in interpreting the origin of the black shales. 
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Available geochemical evidence does not unequivocally support 
upwelling as the cause of anoxia across the entire craton. Both 
Middle and Upper Pennsylvanian black shales from portions of the 
craton distant suspected areas of upwelling to the southwest 
have high levels of total organic carbon, phosphate, and minor 
elements such as (Mecca Quarry Shale, Middle Pennsylvanian 
of Illinois, Coveney and Martin, 1983; Excello Shale, James, 1970; 
Heebner Shale, Evans, 1967; Upper Pennsylvanian shales, Hatch, per-
sonal communication, 1983). Minor elements such as molybdenum and 
zinc are also at high concentrations in black shales the inter-
ior of the Illinois basin in the Middle Pennsylvanian Mecca Quarry 
Shale (Coveney, 1980; Coveney and Martin, 1983). 
A marine upwelling source for a majority of the organic carbon, 
minor elements, and even the phosphate is questionable. Coveney and 
Martin found generally greater concentrations of phosphate in samples 
the Mecca Quarry black shale in western Illinois than equivalent 
stratum in southern Indiana. Molybdenum (Mo) concentration increases 
to values of up to 1,160 parts per million (ppm) in Indiana. Total 
organic matter did not change significantly along their same trav-
erse. Phosphate and are highest according to nearer 
to the eastern, ancient shoreline. The average uranium concentration 
in the Excello Shale, a widespread black shale, in samples the 
Illinois basin are nearly twice those averages from samples in the 
Midcontinent (45.4 ppm versus 23 ppm). Phosphate content was slight-
ly lower in the Illinois basin samples (2.4 percent versus 3.o per-
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cent). The phosphate concentrations moreover correlate with the 
uranium content when the uranium is below 50 ppm (James, 1970). The 
average content of total organic carbon in the Excel lo Shale was also 
greater in the Illinois basin compared to the Midcontinent (14.4 
percent versus 10.9 percent) (James, 1970). 
The restricted access of the upwelling waters in the southern 
portion of the craton, the irregularity of the bathymetry over the 
wide cratonic sea, and the long distances from the area of upwelling 
would expectedly limit the lateral distances over which the integri-
ty of the upwelling layer would be maintained. Geochemical investi-
gations of Recent areas of upwelling with anoxic bottom waters are 
providing some analogies that can be compared with these ancient 
black shales. 
Recent sediments beneath oceanic upwelling areas such as along 
the Namibian and Peru-Chile shelves are greatly enriched in opaline 
silica (5-70 weight percent), organic matter (2-20 percent organic 
carbon), phosphorous (0.2-greater than 1 weight percent), and asso-
ciated elements nickel (35-455 ppm), zinc (18-337 ppm), molybdenum 
(30-500 (20-30 and uranium (5-60 ppm) (Baturin, 
1983). With the exception of opaline silica derived from primarily 
algae, restriced in abundance to Cretaceous and younger 
sedimentary rocks, in these biogenically concentrated 
components would be anticipated in rocks affected by upwelling. Bone 
breccias, coprogenic material, phosphorites, and pyrite are also 
to these Recent deposits. Baturin (1983), furthermore, stated 
that the enrichment of biogenic components during upwelling is asso-
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elated with an arid climate, absence of rivers, shallow water (not 
oceanic), low temperatures of surface waters, limited or entirely 
absent fauna, and low oxygen conditions in bottom waters. The 
first two conditions apparently were not met during the development 
of the Pennsylvanian cratonic seas, in particular, in areas of the 
eastern craton where organic matter and metal concentrations are high 
as indicated in the above discussion. Analysis of uranium isotopes 
(excess of uranium-234), carbon isotopes and biomarkers using mass 
spectroscopy of lipid fractions, oxygen and surfur isotopes (compared 
to sea water) may also hold some potential in characterizing sedi-
ments associated with high organic productivity and perhaps 
provide further indicators of upwelling based on the study of Recent 
sediaents (Baturin, 1983; Brassell and Eglinton, 1983). 
Analysis of phosphate of Recent sediments suggests that it may 
eventually be a key component in establishing an upwelling system as 
the cause for organic-rich sediments. However, the comparison of 
average phosphate abundances of modern rivers and oceans suggest that 
either could be a source of phosphate to an inland sea. Phosphate 
which encourages high organic productivity could be derived in suffi-
cient quantities dissolved and suspended load from runoff enter-
ing the cratonic sea via rivers. To arrive at this conclusion com-
pare some abundances of phosphate in modern rivers and the World 
ocean. 
The dissolved phosphate is insignificant to that suspended in 
sea water in shallow marginal oceanic settings and areas of upwel-
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ling. For example, average dissolved inorganic and organic phosphate 
in the World ocean average 72 micrograms per liter(µ gm/1) and 
between 6 and 60 µ mg/1, respectively. Average dissolved inorganic 
and organic phosphate in river water by comparison are 15 and 30 µ 
mg/1. In contrast, phosphate in suspension averages 3 X 106 µ gm/1 
in sea water to 0.6- 0.7 X 106 in river waters, values which are 
quite similar. Suspended phosphate in marginal settings and areas of 
upwelling, in contrast, ranges from 1.0 X 106 up to 8.6 X 106 µ 
gm/1, up to an order of magnitude greater than suspended phosphate in 
average modern river water. 
A tropical climate with moder~te or high rates of precipitation 
on the surrounding landmasses feeding rivers draining into an inland 
cratonic sea could conceivably provide sufficient amounts of phos-
phate to produce elevated levels of organic productivity in the 
cratonic sea. Alternately, if upwelling were the origin of the 
phosphate it would be expected that a pronounced gradient or simply 
a regular pattern of phosphate concentration would be observed 
across the craton. This is not evident from anyone's work to date. 
James (1970) found nearly twice the average hydrocarbon (soluble 
kerogen such as lipids) yields, defined as the ratio ppm hydrocarbon 
extractable:total percent organic carbon in two subset samples the 
western Midcontinent Excello Shale (Des Moinesian) (3.25 X 10-2 ppm 
and 2.22 X 10-2 ppm), than in the Illinois basin (1.4 X 10-2 ppm). 
the general pattern of hydrocarbon yield across the Midcontinent is a 
WeS t ward and southward increase. Furthermore, the hydrocarbon yield 
is inversely related to the uranium content, as also was i nd icated 
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the earlier discussion. 
Let us assume that the terrestrial organic matter is Type III 
(Tissot and Welte, 1978), which generally does not yield significant 
hydrocarbons other than methane, and furthermore that no biodegrada-
tion of this has taken place to produce oil-prone organic matter. 
With these assumptions the results of James (1970) suggest that a 
greater of terrestial material was contributed to the organic 
matter in the Illinois basin area, suggesting that it was closer to 
the source of freshwater runoff. The study of the results of Rock-
Eval pyrolysis and gas chromatography of extractable organic matter 
from marine-shale samples in the present study indicate that the 
organic matter is low in hydrogen and has low pristane: phytane 
ratios (<1.7) suggesting the predominance of terrestrial organic 
matter over marine even in the western Midcontinent during the 
Missourian (Hatch and Watney, in preparation). 
James (1970) also recognized the change from black-shale fa-
cies to the greenish-gray facies in the Excel lo over structural 
highs such as the Mississippi River arch and the north flank of the 
Ozark This change in facies was accompanied by a considerable 
decrease in average organic carbon to that of non-organic-rich 
shales. Although this black shale is one of the extensive of 
the Pennsylvanian strata in the Midcontinent, these positive ba thY-
•etric features would likely have obstructed any upwelling currents 
the western Midcontinent. James favored the Baltic Sea model 
of Manheim (1961) that invokes a simple thermocline with no asso-
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ciated upwelling. The distribution of total organic carbon, ura-
niua, and phosphate do not corroborate a strictly oceanic upwelling 
model but suggest another means of creating stratification of the 
water mass in the interior of the craton. 
Elevated salinities within bathymetrically lower and more iso-
lated areas on the western, drier portion of the cratonic shelf 
(Schopf, 1975) may also have been a factor in producing anoxia 
perhaps influenced by the influx of low-oxygen bottom waters or 
particulate organic matter marine upwelling not as distant from 
these regions. Physical and changes associated with hyper-
saline waters could have encouraged the formation of anoxic condi-
tions such as lowered limits of dissolved oxygen with increasing 
salt concentration, elevated metal concentrations, and easier phos-
phate replacement and precipitation (Hite, 1980). The precipitation 
of phosphate versus carbonate would be preferred below a ph of 7.8. 
This is the "limestone fence" of Krumbein and Garrels (1952). This 
would be controlled by the amount of dissolved carbon dioxide, where 
cooler, saline water would contain carbon dioxide and lower 
pH. Thus rising salinity would tend to promote the preservation of 
organic matter, precipitation of phosphate, and perhaps the co-
precipitation of ainor elements. More direct evidence, however, of 
the of a saline mass of water is lacking. No significant 
occurrences of evaporite have been found in these sediments 
studied here. However, in carbonate strata below the 
black shale, has been convincingly shown to have developed during a 
later stage of diagenesis (McHargue and Price, 1982). 
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Model Supported~~ Thi~ Stu~ 
An estuarine-thermocline model is preferred to explain develop-
ment of anoxia during accumulation of the black shale. It employs 
the most available and likely components to result in an anoxic sea 
floor on the craton, namely abundant terrestrial organic matter 
produced in a humid, tropical climate, dispersed into the sea via 
abundant influx of freshwater creating an estuarine-like positive 
water balance. Influx of heavier, cooler marine waters (return 
flow) to the positive water balance of the estuarine system was 
probably in the southwestern reaches of the craton. Tro-
pical heating of surface waters, a net outflow of surface waters, 
and an inflow of cool oceanic bottom water led to stratification of 
the water mass after sufficient depth was reached during late trans-
gression. Mixing would probably have reduced any significant sa-
linity contrast of the surface waters due to freshwater influx, 
particularly over the western Midcontinent shelf. Oxygen was de-
~leted by the organic matter during a time when the influx of terri-
genous elastic detritus had been eliminated or greatly minimized 
except along the shorelines of the cratonic sea. The result was a 
thin, black, fissile, faunally restricted shale repeated in many 
Middle and Upper Pennsylvanian across the Midcontinent. 
Favorable climate, high levels of organic matter productivity, and 
positive water balance were thus the crucial ingredients to the 
formatio~ of these extensive black-shale units. 
The depth of water during the deposition of this shale was 
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probably near or at its maximum judging from its extensive lateral 
distribution and indications of slow rates of deposition (Heckel, 
1977; Boardman et al, 1984). Once the supply of organic matter from 
the inundated coast was eliminated, the sea bottom, however deep, 
was restored to normal marine conditions. The lack of carbonate mud 
during and ilDllediately before and after the accumulation of black 
shale (Heckel, 1977) indicates unfavorable conditions on the sea-
floor. Rather than the seafloor being below the photic zone, abnor-
mal Eh or toxicity of the bottom waters may have prohibited car-
bonate accumulation. However, the observed lower limit of the green 
alga (but not a mud producer) is 260 feet (80 m). Depth 
ranges for Penicillus, a modern producer, is not known, but green 
algae in general are most abundant in waters less than 30 feet (20 m) 
Wilson (1965). The lower depth depth limit of Halimeda is similar to 
the required depth to initiate a thermocline as described above (230 
feet, 70 m). Either deleterious water chemistry or lack of signifi-
cant sunlight may have been important in severely limiting benthonic 
organisms, particularly carbonate producers. 
Water very near the shoreline would be more oxygenated and 
would result in the deposition of dysaerobic or normal shallow-
•arine sediment (Boardman et al, 1984). Condensed sandy layers of 
shell hash at the base of the upper carbonate occurring at the 
stratigraphic level occupied by the lower shale observed in this 
study may reflect a lack of deposition or even slight erosion during 
the interval of lower-shale deposition elsewhere (Hallam and Brad-
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shaw, 1979). The marine shale may have been removed or not depo-
sited in deeper or mid-shelf areas over the intermediate-depth 
bathymetric highs that were isolated from influx of terrigenous 
elastics. Low areas on the shelf were sites of accumulation of 
organic matter and what little clay material was available (Fig. 
3.11). 
This model is different from previous explanations of the black 
shale facies. While the suggestion here is that the black shale was 
deposited in deep water, the water depth was not the only signifi-
cant control and not have been appreciably greater than during 
the accumulation of the adjacent sediments. The carbonate sediment 
not have been deposited because of adverse physiochemical condi-
tions, rather than lack of sunlight. 
The depositional in which the lower shale is deposited in 
deeper water near transgression and is the turning point of 
the transgressive-regressive sequence is supported by the diagenetic 
alteration observed in the cyclothems (Watney, 1980; Heckel, 1983). 
The lower shale is therefore referred to as the marine shale (Table 
3, 4). The early freshwater diagenesis (particularly oxidation) 
that affected the marine shale on the extreme northern shelf sup-
ports the depositional evidence that the northern shelf was at the 
~ost landward portion of the epeiric sea. Besides serving as a 
source of fine-grained terrigenous elastics, the extreme northern 
shoreline was the location of more extensive percolation of fresh 
waters that even penetrated the marine shales during later portions 
of each cyclothem. Fresh, phreatic groundwater flow was better 
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developed along the northern region than to the south where evidence 
is lacking for any significant penetration of fresh water through 
the shale or the lower portion of the overlying limestone. Rails-
back (1983) observed a similar diagenetic overprint in the Dennis 
Limestone along the eastern outcrop belt. These conditions all 
suggest that the northern shelf was at a higher elevation than the 
south. Most areas on the CKU lack black shale in all cyclothems 
either because of erosion or nondeposition. The accumulation of 
phosphatized grains and skeletal lag deposits over areas on the CKU 
suggests perhaps a hiatus in deposition. 
The marine shale of the I-Zone is very thin, and a significant 
black-shale facies is developed only in the extreme southern part of 
the study area. The I-Zone is least typical of the cyclothems 
studied because the entire cyclothem pinches out before reaching the 
northern edge of the study area. Generally, the marine shale is too 
thin even to be identified by wireline logs. The restricted dis-
tribution and thinness this of marine shale suggest a limited 
transgression of the shelf during the accumulation of this cyclo-
Stratigraphic maps presented below provide more detail about 
the distribution of this unit and its stratigraphic pinchout. 
Regardless of the model invoked, the physical processes util-
ized to explain the need to be validated. The case supported 
here is anoxia generated internally in the craton with insignificant 
upwelling developed during rising sea level and with influx of 
abundant fresh water and terrestrial organic matter. In order to 
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test thjs model one must consider controls on horizontal motion of 
the water due to freshwater and marine influx, Coriolis accelera-
tion, wind stresses, and the effect of surface heating on generation 
of turbulence and of internal stratification (Officer, 
1976). Detailed paleogeography and paleo-climatic modeling are 
major steps to simulation and testing of conditions specified in 
these models. 
Diagenesis of Lower Shale 
Along the northern shelf the lower shale is locally oxidized 
with maroon, red-brown, and yellow mottling superimposed on the 
typically gray-green to green color. Red-brown, partly silicified 
are also common. Burrows or lenses rich in micritic carbon-
ate and calcareous fossils are preferentially silicified. Locally, 
silicification is more pervasive and transects sedimentary struc-
tures. Associated with this oxidation and silicification are disso-
lution of calcareous fossils and small-scale (millimeter- and centi-
meter-sized) fracturing and fissuring of the shale. The small 
fissures anastomose and are patchily filled by more intensely oxi-
dized, reddish shale that may have been carried into the fissure 
from within or the uppermost red-brown silty upper shale. 
Also occurring with silicification, solution, and oxidation is 
the development of sharpened, microstylolitic boundaries 
between carbonate-rich and clay-rich areas in these same calcareous 
lower shales of the northern shelf. These contacts are typically 
accentuated by a thin rim of dark clay, possibly left as a residue 
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following solution of the carbonate. Also wispy shale laminae can 
be discerned in the more calcareous shale intervals. 
This rather pronounced diagenetic overprinting characterized by 
selective leaching or silicification of skeletal grains is restrict-
ed to the northern shelf. The silicification and leaching probably 
occurred early when oxidizing, fresh or undersaturated waters moved 
through the while mineralogically less stable carbonate 
particles were present. The upper portion of lower shale shows more 
extensive overprinting than the lower, suggesting that the waters 
from above. This pattern of early diagenesis is repeated in 
each eye l othem. 
The microstylolitic boundaries between the carbonate rich and 
shaley areas and the wispy-shale laminae resembles a form of pressure 
solution called nonsutured seam solution by Wanless (1979). Wanless 
(1979) discounted compaction as a significant process in volume 
reduction of an argillaceous or very calcareous shale. It 
is difficult at best to determine unambiguous evidence to support 
form of early compaction. The convergence of shale wisps around 
skeletal grains upon examination typically indicates 
partial solution of the skeleltal grains. Burrows are commonly 
backfilled with more calcareous which although slightly de-
formed is commonly surrounded by draping and converging wisps of 
shale. This in itself is perhaps indication of early lithification 
of the burrow surrounded by a compacting, muddy carbonate matrix. 
Concomitant dissolution due to percolation of undersaturated waters 
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would tend to remove the carbonate and promote this compaction pro-
cess. The northern shelf locations are the most frequent sites for 
the textures and may be related to the relative abundance of avail-
able percolating undersaturated water. These observations, although 
not conclusive, may indicate that early compaction and dissolution 
proceeded concurrently in order to generate these textures. Wispy 
shale laminae and microstylolites are also common in the upper car-
bonate across the western Kansas shelf and may reflect a more pervas-
sive process, perhaps simply late-stage pressure solution. 
On the southern shelf the lower shale is least affected by 
percolating fresh water. Diagenesis is limited to simple compaction 
and local pyritization of fossils. 
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Upper Carbonate 
The upper carbonate (Table 4) has the greatest diversity in 
thickness and depositional and diagenetic facies of the cyclothem 
units. It is the primary reservoir lithofacies (Table 5). It repre-
sents a shallowing upward sequence of carbonate facies ranging from 
open-marine, quiet-water conditions to restricted, high- and low-
energy environments. Its base is gradational with the marine shale, 
representing a transition terrigenous elastic to carbonate sedi-
mentation. Along the northern border of western Kansas, where the 
marine shale is thicker, the transition is commonly extended with 
shale intercalations, e.g. J-Zone, the Gore #1 Wertz, Hitchcock 
County, Nebraska, and in several zones in Rawlins County, Kansas, 
Plate 1 from Watney (1980). The carbonate and the marine shale 
along the northern two-thirds of the shelf in the study area are 
both lighter colored and very noticeably burrow mottled compared to 
the rocks in the southern shelf. The basal contact is increasingly 
gradational with the underlying shale to the north. 
Lower Part of th~ Upper Carbonate 
The lower part of the regressive carbonate in the north is a 
diversely fossiliferous, tan to light-gray, burrowed wackestone. 
Locally in the extreme northern part of the area the lower wackestone 
is interrupted by abraded, bioclastic packstone and grainstone (Du-
Bois, 1979). Carbonate intervals also contain more quartz silt and 
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shale than those to the south. 
A very common feature of the lower part of the upper carbonate. 
particularly on the northern shelf, is centimeter-sized mottling 
found in argillaceous wackestone. The mottles are composed of mic-
rite and probably represent horizontally oriented burrows now com-
pressed to lenticular shape. The intervening argillaceous carbonate 
contains wispy shale laminations that commonly converge and wrap 
around the cleaner carbonate of the burrows. 
Brachiopods, crinoids, fusulinids, corals, pelecypods. tubular 
and encrusting foraminifera, and occasional bryozoans are present in 
most sections of the wackestone that have been cored. Phylloid algae 
are locally abundant, forming broad buildups such as in the D, G, and 
H-Zones in Rawlins County (Watney, 1980). Eugonophyllum is the 
predominate alga in these buildups, but it can be identified only 
through ghosts of thalli preserved after inversion or void filling by 
coarse calcite spar. Abundant phylloid algae are limited to non-
argillacous layers of micrite. The occurrence of the algal buildups 
is similar to those described in the outcrop by Harbaugh (1959) and 
Hecke 1 and Cocke ( 1969). 
Table 8 lists representative cores with variation in facies that 
the lower part of the upper carbonate. The diverse organ-
isms in a micrite-supported framework that typically comprise the 
lower part of the upper carbonate are interpreted to represent a 
subtidal, 1 ow-energy she 1 f facies with open circulation (Wilson, 
1975). The phylloid-algal wackestone is interpreted to have accumu-
lated in clear, shallow water. Abundant tubular foraminfera and 
175 
Table 8. Facies Variation in the Lower Part of the 
Upper Carbonate. 
A. Thinning over the CKU-CA and local shallow water indicators 
1. I, J, K zones Clinton 2-D Stegman, Sec. ll-16S-17W 
Located along crestal area of Rush rib 
(Merriam, 1963); no marine shale in I-Zone, 
1-foot-thick fossiliferous, dark gray shales in J-
and K-Zones. 
--In all cases lower regressive micritic carbonate 
is punctuated by thin zones of abraded and coated 
bioclastic grainstone much like northern shelf; 
micritics are peloidal mudstone and poorly fossili-
ferous wackestones with shrinkage cracks; all three 
cyclothems at this location are thinnest in entire 
area under investigation. 
2. Other examples previously mentioned in section on 
marine shales (Table 7 and Figures 3.7 and 3.8) where 
this shale is missing and transgressive unit is in 
contact with the lower regressive carbonate. 
B. Dark micritic regressive carbonate facies on 
southern shelf 








#D-2 Conover Sec 31-30S-33W 
#E-2 Thompson Sec 30-30S-33W 
#4 Litsey Sec 25-31S-6W 
#7 Lemon Sec 13-34S-20W 
--Few but larger brachiopods, crinoids, fenestrate 
and ramose bryozoan; intervals silty with very evenly 
spaced, dark-gray, wavy shale laminations (burrowing is 
limited). 
2. J-Zone, Cities Service #C-2 Blair, Sec 29-30S-33W 
Core taken six feet above bottom of regressive 
carbonate. 
--Dark-gray to dark-brown micrite with scattered concen-
trations of broken brachiopods, crinoids, and tubular 
and encrusting foraminifera; many fossils replaced by 
pyrite; glauconite fills chambers of foraminifera. 
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3. H-Zone Cities Service #D-2 Conover, Sec 31-30S-33W 
--Gray, brown, dense micrite with bryozoans, tubular 
forams, and bivalves; scattered silt laminae and dissem-
inated quartz silt and pyrite; scattered glauconite. 
4. J-Zone, study by Brown (1963) which encompasses southern 
study area. 
--Recognized a dark gray, dense, and nonfossiliferous 
micrite covering extensive areas of the study from 
cuttings. 
C. Pronounced shallowing character and eventual pinchout of I-
Zone regressive carbonate (northern shelf) 
1. Gulf #1-22 Hughes in Sec. 22-9s-29w 
--Lower portion of regressive carbonate is silty, 
mudcracked, locally brecciated, poorly fossiliferous 
bioturbated wackestone. 
2. Skelly #1 Bartosovsky, Sec. 9-ls-34w 
--I-Zone interval is missing; only gray-green 
silty shale at position of I-Zone; unoxidized zone of 
shale interrupts a long interval of otherwise red-brown 
siltstone in the J-Zone regressive shale prominent 
paleosol is developed immediately beneath this gray-green 
shale (Watney, 1980). 
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peloidal micrite commonly occurring with most algal limestones sug-
gest possibly slightly restricted marine conditions (Wilson, 1975). 
Marked deviations from this generally subtidal, low-energy wackestone 
facies include isolated occurrences of grain-supported fabrics which 
are interpreted as shallower water facies deposited in moderate- to 
higher energy marine environments in the lower regressive carbonate 
(Fig. 3.13). The lower part of the regressive carbonate of the 
southern shelf is noticeably darker brown or grayer than along the 
northern shelf (Figs. 3.14 and 3.15). Burrowing, pervasive on the 
northern shelf, is less common in the south, particularly within this 
darker facies. As Wilson (1975) and Enos (1983) suggested, abundant 
burrowing is commonly an indicator that marine conditions were at 
least slightly restricted. Fewer burrows in the carbonate rocks on 
the southern shelf probably reflect more open-marine conditions. The 
stenohaline, suspension-feeding macrofossils, such as crinoids and 
bryozoans, are larger in the more southern locations than in northern 
ones, suggesting more open-marine conditions with greater supply of 
nutrients. Occasional thin layers of broken but unabraded fossils on 
the southern shelf suggest either a lag concentrate perhaps resulting 
from storms which removed the lime mud matrix or transported these 
particles. 
Petrographic evidence suggests more abundant organic matter in 
darker carbonates (Figs. 3.13 and 3.15). A higher natural gamma 
radiation level common to the lower portion of the upper carbonate 
cannot be explained simply by the argillaceous content. Elevated 
178 
Figure 3.13. Local shallow water indicators in the lower portion of 
upper carbonate. Photomicrograph and slab photo. 
A. Conoco #9 Morel, 3585 feet, lower portion of I-Zone upper 
carbonate. Plane-polarized light and 1 mm scale. Photomicrograph of 
biclastic, intraclastic packstone. Blue-green algal and encrusting 
foraminifera form coated grains (a) on brachiopod and mollusc frag-
ments and on intraclasts of silty, unfossiliferous dolomicrite and 
micrite. Some intraclasts contain irregular discontinuous fractures 
and are darkened. Particles are subrounded. Shallow water, perhaps 
with moderate turbulence, is suggested. Significantly, the interval 
is only 3.5 feet (1.1 m) above the base of the upper (regressive) 
carbonate and 17 feet (5.2 m) below the top. Underlying the regres-
sive carbonate is a black, hard, marine shale containing phosphatic 
orbiculoid brachiopods. Although shallow water indicators occur low 
and early in the upper (regressive) carbonate of the I-Zone, the 
presence of the black shale, generally uncommon on the upper shelf in 
the I-Zone, could be interpreted to represent deeper water condi-
tions. 
B. Clinton #2-D Stegman, 3405 feet, base of I-Zone. Scale in 
centimeters. Slab photograph of burrowed, light green, silty, fora-
minferal-algal encrusted, brachiopod, bryozoan, crinoid wackestone. 
Wispy stylolitic argillaceous seams (a) form contacts between len-
ticular-shaped areas distinguished by widely varying abundances of 
skeletal debris and color of micrite. Scattered intraclasts are 
unfossiliferous mudstone (b). Compaction and possible solution of mic-
rite results in convergence of wispy shale laminations (insipient 
stylolites) similar to that described by Shinn (1980) and Wanless 
(1979). Bar scale is in centimeters. No marine shale is present in 
the I-Zone at this location, only thin, green, argillaceous partings. 
This carbonate rock rests sharply on an unfossiliferous soft, green 
and red mottled shale at 3405.5 feet that contains caliche nodules 
and vertical fissures and tubular structures filled with softer 
shale. This shale is interpreted as to be the regressive shale of 




Figure 3.14. Dark mudstone and wackestone in lower portion of 
upper carbonate facies on the southern shelf. Photomicrographs in 
plane-polarized light. 
A. Cities Service #E-2 Thompson 4577 feet, lower regressive 
carbonate, K-Zone. Bar scale is 1 mm. Very sparsely fossiliferous, 
slightly silty, gray lime mudstone with scattered, very finely 
disseminated pyrite cubes and irregular fine-grained opaque flecks 
(organic matter?) and scattered small bivalve fragments. 
B. Cities Service #D-2 Conover, 4416 feet, lower portion of H-
Zone upper carbonate. Bar scale is 1 mm. Photomicrograph of cri-
noid, brachiopod, bryozoan wackestone to packstone. Matrix is 
slightly silty, argillaceous micrite. Abundant broken but unabraded 
and unmicritized, uncoated skeletal fragments. Finely disseminated 
pyrite is abundant. Pyrite also replaces portions of crinoid ossi-
cles (a). Partial yellow-tinted silica replacement in interiors of 
brachiopod shells and crinoid ossicles. Features are analogous to 
Heckel's (1983) overcompacted texture and typical diagenesis for 
the lower regressive carbonate. Open-marine deposition and slow 
accumulation are indicated. 
C. Cities Service #D-2 Conover, 4426 feet, lower portion of H-
Zone upper carbonate. Bar scale is 0.5 mm. Photomicrograph of 
crinoid ossicles with subhedral rhombs of low-iron dolomite. Irreg-
ular blebs of fine-grained pyrite in interior of the ossicle separ-
ates dolomite (a) from anhedral crystals of low-Fe calcite (b) com-
prising better preserved outer portions of ossicles. Notice that 
edges of ossicle appear to be partly dissolved and recrystallized to 
finely crystalline calcite. 
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Figure 3.15. Dark mudstone and wackestone in lower portion of 
upper carbonate facies on the southern shelf. Photomicrographs in 
plane-polarized light. 
A. KRM #2-X Lemon, 4779 feet, lower portion of K-Zone upper 
carbonate. Bar scale equals 0.5 mm. Photomicrograph of very silty, 
argillaceous bivalve wackestone containing abundant opaque pyrite as 
finely disseminated crystals and replacement of bivalve shells. 
Bivalves are concentrated as intermittent layers of broken shells. 
stringers of amber-red semiopaque organic matter (?) (a) are common. 
Crinoids, brachiopods, and bryozoan and rythmic dark gray shale 
layers are scattered throughout the interval from which thin section 
was taken. 
B. Texaco #4 Litsey, 3762.3 feet, lower portion of upper 
carbonate of K-Zone. Bar scale equals 0.5 mm. Photomicro-
graph of dark gray shale laminae in gray lime mudstone interval. 
Scattered silt-sized quartz grains. Scattered red flecks and 
stringers, perhaps of organic matter, are oriented parallel to bed-
ding. Thin section is from immediately below 0.5-feet thick, dark-
gray to black mudstone containing rare crinoids and tubular foramin-
ifera. 
C. Texaco #4 Litsey, 3762.3 feet. Bar scale equals 1 mm. Two 
very shaley wackestone seams expanding laterally (to the right) into 
more carbonate-rich intervals with wispy shale laminations. See D 
below. 
D. Texaco #4 Litsey, 3762.3 feet. Bar scale equals 0.5 mm. 
Top half of the photograph is comprised of carbonate matrix with 
abundant discontinuous wisps of shale. The irregularity of the shale 
and the etched bioclasts within these intervals suggest that some or 
all of these wisps of shale represent insoluble residue remaining 
after dissolution of the carbonate matrix (incipient stylolites). 
E. Texaco #4 Litsey, 3762.3 feet. Bar scale equals 0.5 mm. 
Echinoid fragment in shaley carbonate matrix. Fritted edges of 
echinoid fragment attributed to dissolution. 
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uranium concentrations, confirmed by gamma ray spectral logs (J. H. 
Doveton, personal communication, 1984), in the lower interval are 
thought to be associated with more abundant organic matter analogous 
to uranium and organic-carbon concentrations in the marine black 
shales (Watney, 1979). The pyrite and glauconite suggest slow accu-
mulation with little sedimentation of clay minerals and other fine 
detritus. Intervals of darker carbonate and disseminated pyrite on 
the southern one-third of the shelf suggest that fluctuating reducing 
conditions existed on the sea floor. Pyrite and glauconite may have 
been introduced after deposition as a result of the presence of the 
organic matter. 
Heckel (1977) found no micritization of carbonate grains in the 
base of the lower portion of the upper carbonate. He concluded 
therefore, that the water was too deep for proliferation of blue-
green or green algae. However, endolithic fungal borings of mollusc 
fragments is a form of aicritization that has been found in modern 
sediments off the Carolina coast to depths of up to 2600 feet (780 m) 
(Perkins and Halsey, 1971). However, it is highly doubtful that 
water depths were ever this deep, but does not demonstrate that 
micritization can be a questionable indicator of the depth limit. 
Production of carbonate mud was also limited, and consequently grain-
stones containing unabraded and non-micritized bioclasts are common. 
However, these grainstones indicate deep water rather than high-
energy conditions (Heckel, 1977). Oxygen levels may have been inter-
reduced during the early accumulation of the upper carbonate 
along the southern part of the study area due to somewhat deeper 
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water conditions than on the northern shelf. Also the presence of 
abraded, micritized grainstones on the northern shelf suggests shal-
lower water than on the southern shelf. 
The darker micrite facies do not represent prolific carbonate 
production, but rather intermittent periods favoring carbonate accu-
mulation with and shell debris. The quartz silt and dark 
shale present as distinct layers and dark, more argillaceous and 
silty carbonates perhaps represent periods of slower accumulation of 
carbonate or deposits of suspended particles from distant 
river systems. The thin layers of dark shale may also represent the 
return of dysaerobic conditions to the sea floor. Heckel (1983) and 
Boardman et al. (1984) stated that mollusc shells in particular have 
been noticeably etched or dissolved in the dark gray, dysaerobic 
facies of the marine shale, probably in response to cold water with 
higher concentrations of carbon dioxide during slow sedimentation 
associated with the low-oxygen environment. Intermittent dissolution 
of lime mud in the lower portion of the regressive carbonate would 
further limit the opportunity for accumulation and preservation of 
carbonate grains during these times of reduced dissolved oxygen. 
Rather, these low oxygen conditions would favor the accumulation of 
the dark shale layers observed in the lower part of the regressive 
carbonate. The pyrite and the glauconite also common to the darker 
facies probably precipitated at or near the sediment-water interface 
during times of slow accumulation of sediment. 
The I-Zone presents an unusual facies distribution in the lower 
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part of the upper carbonate. Unusually shallow-water facies are 
present throughout the cyclothem along the entire northern shelf. 
The regressive carbonate also pinches out into shale along the north-
ern border of the study area. Rather than representing a prominent 
influx of terrigenous elastics, the Bartosovsky core along the north-
ern area of the study, contains only a thin interval of shale where 
the entire I-Zone should occur. Furthermore, this same interval 
contains paleosols indicative of slow accumulation during emergence. 
As stratigraphic mapping will illustrate, the northern shelf was 
probably entirely emergent even during marine sedimentation of the I-
Zone to the south and provided an extended period for soil formation 
and even considerable erosion of the underlying J-Zone in southern 
Nebraska (DuBois, 1979). A regional paleoslope is implied by this 
facies distribution. Moreover, the paleoslope appears to be an 
important property of this shelf affecting facies distribution in 
other cyclothems. 
Qim!t!: Part of the Q~ Carbonate 
The upper part of the regressive carbonate is generally lighter 
colored than the lower part and represents continued shallowing-
upward conditions. The variability of these facies is much greater 
than those below and, includes an upward, albeit irrregular, decrease 
in diversity of biota in a wider spectrum of textures. The mudstones 
in this interval contain cerithid gastropods, concentrations of os-
tracodes, small bivalves, and tubular foraminifera. Peloids, lam-
inations, mudcracks, and fenestral fabric are also common. Algal 
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stromatolites have also been recognized (H-Zone, Dorr 506, Sec. 16-
9s-16w; Figure 3.18 C). Most of the grainstones on the upper shelf 
are lightly coated bioclasts; few true oolites are developed. With 
few exceptions the thickness of grainstones ranges from two to six 
feet (0.6 to 1.8 m). Bioclasts are commonly less well preserved 
higher in the upper carbonate than in the lower. Micrite and grains 
are partly dolomitized and occur as microgranular spar, where grains 
and matrix are still distinguishable due to variation in crystallini-
ty and color. 
In general the upper unit is much more variable laterally than 
the underlying division of the upper carbonate. On the northern 
shelf the upper interval varies in thickness from zero to 15 feet 
(4.6 m), but averages around 4 feet (Table 4). Variations of indi-
vidual facies in the upper part of the upper carbonate are described 
.:.n Table 9 and Figures 3.16, 3.17, 3.18, and 3.19. 
These deposits are interpreted to have accumulated in a margin-
al-marine (shallow lagoonal or restricted, intertidal, supratidal) 
environment under high- and low-energy conditions. Diagenetic over-
printing is more prominent in the upper portion of the upper carbon-
ate than in the lower (Watney, 1980; Heckel, 1983). The upper part 
is usually thin in comparison to the total thickness of the upper 
carbonate. The presence of these wide-ranging, shoal-water facies 
covering the entire shelf suggests a diachronous relationship wi th in 
th is facies, particularly if any significant paleoslope was present. 
Tbe recognition of diachronous units obviously affects the interpre-
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Table 9. Facies Variation in the Upper Part of the 
Upper Carbonate. 
A. Effect of paleohighs on development of high-energy facies 
1. H, I, J-Zones in the Pan American #8-6 Ohlson, 
Sec. 28-14s-14w (Central Kansas uplift) 
Note: Core is located on Precambrian knob on CKU; 
Succession of thick grainstone deposits occur in three 
cored intervals; carbonates show effects of intense 
freshwater diagenesis. 
2. I, J, K-Zones in the Clinton #D-2 Stegman, Sec. 11-16s-
17w and Conoco #9 Morel, Sec. 15-9s-21w (Central Kansas 
uplift) 
Note: Stegman core is located on Rush Rib and Morel core 
on west side of CKU; 
Repetitive succession of grainstones occur at both cored 
locations; in addition all three regressive carbonate 
units in Stegman core are capped by subaerial crusts; 
J-Zone in Morel core is very heavily fractured; 
fractures are open and deformed suggesting possibly early 
formation. 
3. J-Zone Murfin #1 Souchek, Sec. 2-ls-34w (northwest 
shelf) 
Note: Located near crest of Cahoj field; reported 
by Watney (1980); 
Over 90 percent of regressive carbonate is cross bedded 
representing moderate- to high-energy condition during 
accumulation of this interstratified bioclastic 
packstone and grainstone. 
B. Extensive oolitic grainstone developed over southern 
shelf (Figures 3.16 and 3.17) 
1. In general, J and K-Zones have prominent oolite facies 
on southern shelf: oolite is well-sorted, cross-
stratified and associated with extremely high total 
porosity due to the frequent development of oomoldic 
porosity; thickness ranges from zero to in excess of 
60 feet (18 m) with considerable local relief; 
appropriate wireline logs have unique signature (very 
low gamma ray and generally high porosity) which 
- permits mapping of this facies; base of oolite is in 
sharp contact with open-marine wackestones; cores 
from interooid regions lack restricted lagoonal deposits 
(Gary #21-5 Scheulfer, Sec. 21-33s-20w). 
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C. Restricted, shallow-water, nonoolitic facies (Figures 
3.18 and 3.19) (CA and CKU) 
1. Shallow subtidal to intertidal and supratidal facies 
are generally thin compared to overall thickness of 
cyclothem; thicknesses range from only few inches to 
several feet; accumulations of grainstone 
or packstone are commonly not associated with restrict-
ed mudstone or wackestone. (H-Zone, Cities Service Dorr 
506, Sec. 16-9s-16w; 2 feet algal stromatolite) 
2. I-Zone has an exceptional development of very shallow-
water carbonates covering most of the shelf, partic-
ularly over the CKU: Clinton #0-2 Stegman, Stanolind 
#3 Denker, Cities Service #506-w Dorr, Sec. 11-16s-17w, 
and Texaco #6-11 Holley, Sec. 32-8s-24w. 
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Figure 3.16. High-energy grainstone facies in the upper portion of 
upper carbonate. 
A. Clinton #2-D Stegman, 3393 feet, top of the I-Zone upper 
carbonate. Photomicrograph in plane-polarized light, 1 mm scale. 
Heavily micritized bioclastic grainstone contains rounded fragments 
of foraminifera, crinoids, and molluscs. Some grains are rimmed with 
fine, blocky, pachous calcite spar (a). Some pores lack cement 
(bright intergranular areas). Coarser late-stage, Fe-calcite spar 
occupies some of the intergranular pore space. Syntaxial, coarse 
calcite spar forms overgrowths on echinoderms only visible within 
field of view (b). Much of the pore space is occupied by dark 
residual oil (c). This grainstone is typical of that on the northern 
shelf-lightly coated grains and heavily micritized, commonly these 
grainstones are also overcompacted. Other examples are shown in 
Wa tney ( l 980). 
B. Cities Service #E-2 Thompson, 4554 feet, upper portion of 
upper carbonate of K-Zone. Slab photograph, bar scale in centi-
meters. This oolitic grainstone contains abundant oomolds (0.05 mm 





High-energy grainstone facies in the upper regressive 
A. Cities #E-2 Thompson, 4552.5 feet, slab photograph of upper 
portion of upper carbonate of K-Zone (Bar scale in centimeters). 
Oolitic grainstone alternates with intervals of abundant bioclastic 
grainstone consisting of primarily fragments of crinoids and bi-
valves. Most bioclasts have superficial oolitic coating. Molds of 
both ooids and bivalves are present. Scattered coarse dolomite 
fills some of the voids. Dogtooth calcite spar lines most pore 
space. 
B. Cities Service #E-2 Thompson, 4554 feet, photomicrograph of 
top portion of the upper carbonate, K-Zone. Plane-polarized; bar 
scale is 1 mm. Neomorphosed and oomoldic grainstone contains well-
preserved brachiopod fragment (a) and dissolved or recrystallized 
mollusc fragments recognizable only by outline (b). Intergranular 
porosity is common with some solution enhanced and rimmed by irregu-
lar, fine, blocky calicte spar. Concentric laminations in cortex of 
some ooids are still discernable as faint lines in fine calcite 
mozaic (c). Blue plastic impregnation of sample before thin section-
ing did not contact these pores, suggesting that these do not repre-





Figure 3.18. Restricted marine, shallow-water, facies faunal di-
versity. Slab photographs of cores; bar scale in centimeters. 
A. Cities Service #F-5 Reese. 3455 to 3458 feet, slab photo-
graph of the uppermost portion of the upper carbonate of the I-Zone. 
Top most portion of core is upper left and bottom is on lower right. 
Upper sample is mixed-clast carbonate conglomerate (a) with milli-
meter- to centimeter-sized particles of rounded, pitted carbonate 
pebbles and grains comprised of composite-pellet grainstone and un-
fossiliferous lime mudstone. Some grains have thin darkened rims. 
Matrix is vivid green shale. Underlying pieces are an ig sit~ brec-
cia (b) of solution pitted, fitted clasts of lime mudstone with some 
darkened rim of brown microcrystal line calcite. Only fossils noted 
are scattered small bivalves at 3457 to 3457.5 feet. Vertical and 
horizontal fractures and solution channels (centimeter in diame~er) 
cut the rock. Channels are filled with clasts of rock that border 
the void, green shale, and coarse clear calcite spar. 
B. Cities Service #506W Dorr, 3347.8 feet, slab photograph of 
upper portion of upper carbonate of J-Zone. Upper 10 feet of this 
carbonate rock (3343 to 3353 feet) are unusually sparsely fossilif-
erous. Interval down to 3348 feet is dominated by pellet mudstone 
with rare gastropods. Slab is from bottom of dense brown lime mud-
stone cut by solution channels (a) that are filled by green shale or 
coarse clear calcite spar. Dark-gray intraclasts of mudstone in 
lighter mudstone (b) matrix forms lower half of slab. 
C. Cities Service #506W Dorr, 3300.5 feet, slab photograph of 
uppermost portion of upper carbonate of H-Zone. Thin, uniformly 
laminated, tan to brown lime mudstone. Layers are disrupted by 
vertical, centimeter-sized cylinder (a) of mixed, more homogenous 
lime mudstone bounded by unturned edges of laminated mudstone. Lami-
nations suggest algal stromatolite and cylinder resembles a fluid 
escape structure. Overlying laminations in adjacent slab are con-






Photomicrographs in plane-polarized light, 1 mm 
A. Conoco #11 Ainsworth, 2941 feet, uppermost portion of upper 
carbonate, I-Zone. Dolomitized mudstone breccia cut by solution 
channels. Matrix as seen here is clotted, granular, microcrytalline 
dolomite with fractures and vugs filled by sparry dolospar. Partic-
ulate matrix are delineated by variations in abundance of denser 
micritic dolomite (a) and fine dolospar. Fabric is similar to that 
described as circumgranular cracking by Wilson (1975). 
B. KRM #2-X Lemon, 4763.2 feet. Upper portion of K-Zone upper 
carbonate. Peloidal grainstone contains medium crystalline calcite 
spar with patches of sparry Fe-dolomite replacement of grains and 
cement. Abundant sub-millimeter brown-yellow replacement chert are 
found in the unit. 
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tation of the distribution of favorable reservoir rock co-on to the 
upper part of the upper carbonate. The higher energy 
probably developed progressively across the shelf through time. 
The CKU-CA structure was established earlier to have been a 
positive area on the shelf during the acc1111ulation of these cyclo-
The Cahoj structure in Rawlins County is considerably 
than the CKU-CA but was interpreted to have been an effective paleo-
high with a marked influence on all facies of the upper part of the 
upper carbonate and on the extent of diagenetic overprinting (Watney, 
1980). Although of skeletal grains are widespread over 
the shelf, it appears that the locations on the CKU-CA and positive 
areas like Cahoj offered the best opportunities for thicker accU11u-
lations involving than one cyclothem. 
Wave and current action on the upper portion of the shelf was 
(Watney, 1980, p.24). Locations most favorable for local 
of grains were on these local paleo highs that served 
to focus waves and currents. Highs have resulted carbonate 
buildups developed in the lower part of the regressive carbonate or 
active structural uplift (see Watney, 1980, Figure 53). 
Oolitic grainstone covered of the southern shelf in the J 
and K-Zones. Oolitic grainstone is also present in the H- and I-
Zones but is considerably in areal distribution and 
thickness. If aggradation and progradation were responsible 
for shallowing, it would be expected that the shallow-water intertid-
al and supratidal deposits would be thicker and the transition 
open subtidal facies to these facies would be gradual. 
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The that are cononly aggrading and locally prograding 
to fill the bays in south Florida are capped by a significant portion 
of supratidal island facies (Enos and Perkins, 1979) which resulted 
shallow of these carbonate platforas. In contrast, 
the proportionately thinner shallower-water sediaents of the upper 
part of the upper carbonate relative to the entire thickness of the 
unit in these Pennsylvanian rocks suggest that perhaps the falling 
relative sea level aay have been, in part, independent of processes 
related to sediaentation. The thickness but areal 
extent of shallowest water deposits and rapid changes in the strati-
graphic succession suggest that the rate of shallowing aight have 
increased in the later portion of the separately any 
effects of sedimentation. These will be discussed in the next sec-
tion. The upper carbonate is referred to as the regressive carbonate 
for reasons discussed above. 
Diagenesis of Regressive (Upper) Carbonate 
The diagenetic processes that affected these carbonate rocks are 
and exaaples of all the couon diagenetic have 
been recognized previously (Watney and Ebanks, 1978; Watney, 1980; 
Watney, 1984: and Heckel, 1984). Early freshwater diagenesis, in 
particular, has been recognized as a critical factor for the develop-
of oil and gas reservoirs in the Lansing and Kansas City groups 
(Watney, 1980). knowledge of the diagenetic features 
assist in resolving the conditions that were active 
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during the latest stages of of each zone. 
Primary intergranular or possibly framework porosity produced by 
phylloid algae, albeit by diagenesis, provided the 
best opportunities for the of (Watney, 1980; 
Ebanks and Watney, in press; Hopkins, 1977; Pray and Wray, 1963). 
Understanding the distribution of grain-supported carbonates is also 
a key ingredient to locating oil and gas prospects in western Kansas 
(Brown, 1963; Watney, 1980). 
Longman (1980) su-arized petrographic criteria for recognizing 
various diagenetic conditions (Table 10). Heckel (1983) has proposed 
a that relates the types and levels of diagenesis within the 
Pennsylvanian cyclic carbonates of the Midcontinent. Relevant fea-
tures are carbonate crusts of probable subaerial 
origin associated with root casts (pedotubles) and diagenetic over-
printing, respectively (Figs. 3.20-3.25). Carbonate crusts are 
always at the top or very upper part of the regressive carbonate 
resting sharply on contrasting carbonate textures. The crusts are 
also associated with root casts, desiccation and weathering features, 
internal and an upper unfossiliferous shale that co-only 
contains paleosoil features like calichification (nodular 
talline calcite and resting on top of the upper carbonate. 
This association plus the strong of the carbonate to 
caliche has resulted in its classification as a caliche crust as 
discussed further below. 
Diagenetic overprinting includes irregular caliche-
like and irregular, pendant, blocky, and sparry 
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Table 10. Carbonate Diagenesis: A Summary of Criteria Commonly Used 
to Interprete Diagenetic Environments 
A. Diagenetic Realms 
Include shallow, submarine diagenesis; meteoric 
diagenesis (vadose, phreatic); burial 
B. Fabric Recognition Criteria (Longman, 1980; 
Heckel, 1983): 
1. Marine diagenesis - a) isopachous fibrous aragonitic 
cement with long axes perpendicular to boundaries of 
pore wall (##) 
2. Meteoric phreatic - equant calcite, isopachous bladed 
calcite, sparry calcite, syntaxial overgrowth calcite(#) 
3. Meteoric vadose - (minor cementation) meniscus sparry 
to micritic calcite, pendant spar to equant calcite, 
irregularly distributed equant calcite cement(##). 
4. Deep subsurface - generally Fe-rich, coarsely crystalline 
calcite or Fe saddle dolomite(#). 
D. Changes in porosity in Missourian carbonates in western Kansas 
as a result of diagenesis: 
1. Marine diagenesis - decline in primary porosity(##). 
2. Meteoric phreatic diagenesis - variable effect on 
magnitude and distribution of porosity(##). 
3. Meteoric vadose diagensis - as (2) with range from 
extensive dissolution to calcite precipitation; 
internal (vadose) sediment(#). 
4. Deep subsurface - gradual porosity decline with 
and (#). 
E. Acessary changes occurring during diagenesis: 
1. Marine - prolonged exposure of grains on sea floor with-
out significant cementation resulting in micritization 
of these grains by endolithic organisms; bioturbation -
breaking grains, destroying stratification, as well as 
mud-rich and grain-rich sediments: pyritization 
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of grains and precipitation of glauconite are 
common to periods of slow rates of deposition(#). 
2. Meteoric phreatic - Neomorphism including frequent 
recrystallization of lime mud to microcrystalline calcite 
spar and locally (probably through replace 
Both varieties of microspar coD111only increase 
porosity and enhance permeability relative to replaced 
micrite. Also discontinuous (anastomosing) yet discrete 
fractures appear to occur in part as the result of 
differential dissolution or compaction in this environment. 
Fractures are co-only facies specific and probably 
reflect zones which are lithified earlier than the 
surrounding units as the result of fabric. Solution 
channels are probably in part developed during this stage 
under physico-chemical conditions similar to that of cave 
formation. In situ breccias and conglomerates reflect 
even more intense processes of freshwater corrosion on the 
carbonates. Furthermore, red silicified grains or matrix 
are common in the carbonates and are thought to result 
from precipitation in shallow, oxidizing meteoric phreatic 
conditions. 
3. Meteoric vadose - diagnostic cement types of this 
diagenetic environment are key elements to discerning 
early subaerial exposure and vadose conditions that 
affected these rocks. In particular, the documentation 
of subaerial crusts has recently been in vogue. Numerous 
articles have characterized a variety of subenvironments 
occurring during subaerial exposure that produce identi-
fiable variations in the texture of the crusts. 
Associated plant-root structures are 
further evidence of prolonged exposure. Diagenetic 
breccias, conglomerates, and microkarst resulting from 
extended exposure are also key features. 
Diagenetic overprinting is a sensitive record of 
processes that developed late in the regressive portions 
of these cyclothems proceeding normal marine carbonate 
accumulation. The recognition of overprinting is 
important as diagnostic evidence such as fossils and 
sedimentary structures are consequently lacking. 
Abundance (interpretations in accordance with Longman (1980): 
(#) COMMON (##) RARE in rocks in the study area 
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Figure 3.20. Carbonate cements. Photomicrographs in plane-
polarized light. 
A. Clinton #2-D Stegman, 3393 feet, near top of upper carbon-
ate of I-Zone. Bar scale equals 0.5 mm. Porous oil-stained grain-
stone contains with good inter-particle porosity with fine, blocky, 
irregularly distributed fringing cement followed by much coarser Fe-
calcite spar shown here with euhedral crystal termination (bottom 
center). Black areas are oil in interstitial porosity. 
B. Tideway #1 Beauchamp, 3933.7 feet, immediately below top 
surface of upper carbonate of the ff-Zone (subaerial crust). Bar 
scale is 0.5 mm. Photo taken with cross-polarized light. Fibrous 
calcite cement forms a pendant beneath a crinoid fragment separated 
from crinoid by a thin micrite rim. Note that crinoid is at extinc-
tion and cement is not providing evidence that these are not in 
optical continuity. The edges of this pendant have been etched and 
coated with dark brown microcrystalline calcite cement (opaque rind) 
very similar to that in the overlying caliche subaerial crust. Pen-
dant cement is perhaps a vadose cement developed during initial 
exposure of sediment in marine or freshwater conditions. During 
continued exposure partial solution of the existing carbonate sedi-
ment and cement occurred followed by precipitation of the micritic 
cement. 
C. Tideway #1 Beauchamp, 3933.7 feet. Bar scale equals 1 mm. 
Oolitic grainstone lies immediately beneath subaerial crust. Photo 
shows pendants of faintly, irregularly laminated to dense, micritic 
calcite cement (a) beneath several coarse calcite spar-filled oolites 
and bioclasts. Note fibrous pendant calcite (b) cement beneath an 
optically extinct bioclast (crinoid?). 
D. Conoco #9 Morel, 3612.5 feet, immediately below nodular 
caliche of upper carbonate of K-Zone. Bar scale is 1 mm. Photo-
micrograph illustrates dissolution of grains and micritic matrix 
preceded first cement forming large secondary pores. Clast-like 
nodular areas now consist of micritized recrystallized bioclasts (a) 
and clotted slightly silty micrite (b). Cementation consists of very 
thin light gray microcrystal line dolomite cement (d) irregularly 
distributed around particles. Dark, dense micrite rims (endolithic 
algal borings) partially surround some carbonate clasts (c). This is 
followed by a layer of isopachous drusy cement (e) which is followed 
by void-filling coarse crystalline Fe-calcite (f). Large pores now 
filled by calcite spar highlighted by dark microcrystal line cement 
resemble reticulate channels even in thin section. They do not 
resemble a typical intergranular pore system but rather solution 
enhanced pores associated with dissolution of grain and matrix. The 
development of the porosity and the later precipitation of the finely 
crystalline (dense, micritic) cement are concluded to be associated 




Caliche carbonate crusts and associated evidence for 
subaerial diagenesis. 
A. Clinton #2-D Stegman, 3425 feet, upper contact of upper 
carbonate of K-Zone. Bar scale in centimeters. Slab photograph 
illustrates millimeter-thick, multiple laminated caliche crusts (top 
left) in pellet bioclast packstone. Particles are heavily 
pacted and cemented. 
B. Clinton #2-D Stegman, 3425.1 feet, same position as in A. 
(plane-polarized light) of dense brown crinkly lami-
nated, pelleted microcrystal line calcite cement (a) comprising layer 
of caliche. Dense brown cement surrounds heavily mlcritized and 
solution-altered and rounded grains. Bottom of crust (not shown) is 
sharp. Scale is one millimeter. 
c. Conoco #9 Morel, 3612 feet, photomicrograph (plane-polar-
ized, 1 ma bar scale) of top portion of the upper carbonate, K-Zone. 
Underside of laminated to granular caliche layer exhibiting irregu-
lar, centimeter-sized relief. Vertically oriented caliche with 
horizontal extension on left quarter of photograph is composed of 
patchy brown microcrystalliine calcite. Pocket shown has roof and 
floor defined by dark laminated calcite in contact with a bioclastic 
grainstone. Notice tubular structure outlined by internal lamina-
tions in lower portion of the pocket of caliche. 
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Figure 3.22. Caliche carbonate crusts (continued). 
A. KRM #6 Lemon, 4780.5 feet, slab photograph of top contact of 
upper carbonate of K-Zone. Brown to dark-brown oolite, solidly 
cemented and cut by solution channels. Centimeter-sized cavity (cen-
ter) is partly filled by layer of lighter-colored quartz siltstone 
and ooids (a). Upper surface is a laminated subaerial crust 2 to 3 
lli11eters thick, (b). Crust is found on al 1 portions of the uneven 
upper surface and is overlain by a gray-green argillaceous, unfos-
siliferous siltstone. U.S. quarter is 2.4 in 
8. Tideway #1 3933.7 feet. Near top of upper car-
bonate of ff-Zone. (plane-polarized, bar scale is 1 
u) of peloid, subaerial caliche crust comprised of dark-brown aicro-





Figure 3.23. Pedotubules developed in association with paleosols. 
Photomicrographs, plane-polarized, bar scale equals 1 mm. 
A. Tideway #1 Beauchamp, 3965.5 feet. Photomicrograph from 
uppermost portion of H-Zone. Pedotubule preserved in a dolomitized 
ostracod, bivalve, foraminiferal spiculitic packstone. Notice scal-
loped surface (a) of void conforming to particles around the wall as 
if they were pushed aside. Upper and lower surface of interior of 
void lined by plastered clay (b) interpreted as a oriented clay cutan 
commonly associated with root tubules. Void is filled by Fe-calcite. 
Rock is an in situ breccia with fractures and solution channels 
filled by interval quartz silt, forming geopetal structures. Fe-
nestral fabric is also common. 
B. Pan American #B-6 Ohlson, 3134 feet. Photomicrograph of 
longitudinal cut along a pedotubule immediately below subaerial 
caliche crust capping upper carbonate of J-Zone. Tubules are sur-
rounded by dense peloidal microcrystal line calcite (a). Matrix is un-




Figure 3.24. Pedotubules developed in association with paleosols. 
A. KRM #3 Rhoades, 4769.5 feet. Photomicrograph (plane-polar-
ized, 1 mm bar scale) from top portion of upper carbonate of K-Zone. 
Transverse sections of pedotubules in quartz silty argillaceous 
dolomicrite. Tubules surrounded by dense microcrystal line dolomite 
(A) and voids rimmed b~ fine crystalline non Fe-dolospar and then 
filled by Fe-calcite. Darkened rims interpreted as caliche cement 
precipitated during exposure of sediment. Irregular patches of 
medium crystalline Fe-calcite with rhombs of Fe-dolomite are also 
present. Diffuse boundaries of these patches against surrounding 
rock (B) and inclusions of matrix suggest that these are replacement 
features. 
B. KRM #2-X Lemon, 4762.5 feet, slab photograph (bar scale in 
centimeters) from uppermost K-Zone. Irregularly bedded-mottled tan 
to light gray unfossiliferous dolomicrite with wispy and lenticular 
intervals of green silty shale. Millimeter-sized tubules surrounded 
by dark brown microcrystalline dolomite. Tubules filled by sparry 
carbonate. Carbonate sediment probably underwent solution compac-
tion resulting from infiltration of undersaturated waters. During 
same period, sediment was exposed and cut by pedotubules that are 




Figure 3.25. Other examples of carbonate diagenesis. 
A. and B. Conoco #9 Morel, 3604 feet. Slab photograph (bar 
scale is in centimeters) of base of packstone in middle portion of 
upper carbonate, J-Zone. Three sets of vertical, open fractures cut 
the core approximately 2 centimeters apart including left side of 
core in A. A side view of core looking at surface of fracture is 
shown in B. Coarse crystalline calcite with corroded, Fe-oxide 
stained surfaces lines the fracture. Note curved and discontinous 
nature of fractures suggesting some minor-compressional deformation 





crystalline calcite (Fig. 3.20). Vadose in solution 
cavities is also co-on. Diagenetic breccias and are 
restricted to the northern shelf and over the CA and portions of the 
CKU. Root casts, caliche and associated caliche crusts are 
also present across the shelf, but these features are less pronounced 
in carbonates along the southern part of the study area (Figs. 3.21 
and 3.22). In fact, in the southern area the crusts and calichifica-
tion are restricted to millimeter-sized features and are 
difficult to identify in core, to say nothing of cuttings. Study in 
thin section is essential for of these thin, poorly 
developed crusts. 
The high-energy, grain-supported facies in the upper 
portion of the regressive carbonate in the southwestern part of the 
study area is oolite. Most oolitic zones were leached to 
dic porosity. The carbonate apparently only 
far enough to be precipitated as freshwater in the 
ly adjacent void space, eventually plugging the pores. Thus, an 
avenue does not exist for fluid to flow through these rocks 
outside of fractures and vugs (Figs. 3.16 and 3.17). In this 
case, early diagenesis degraded the reservoir properties: locally 
further leaching and fracturing restored reservoir quality. 
The carbonate reservoirs in the portion of the 
study area and southern Nebraska are characterized by early develop-
of secondary porosity in both grain-supported carbonates and 
units (Watney, 1981; DuBois, 1979: Prather, 1981). Sub-
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aerial exposure and concurrent freshwater diagnesis are clearly evi-
dent in these reservoirs. Striking evidence of early freshwater 
diagenesis includes red-brown, silty, shale-filled solution fissures 
cutting down to 20 feet (6 below the top of the carbonate; eroded 
tops of carbonates with thick, mixed-pebble carbonate 
and pervasive infiltration of quartz silt along solution cavities 
extending downward to several feet into the carbonates. Void-filling 
internal sediaent abruptly downward in one core leaving 
open pores below the level interpreted as a paleowater table (Ebanks 
and Watney, in press). DuBois (1979) described a persistent but thin 
layer of reddish chert near the middle of the regressive carbonate in 
the Republican River field in Hitchcock County, Nebraska. This chert 
represent a previous water table where silica, mobilized the 
calichification process, precipitated at the top of the phreatic 
zone, possibly as a result of an abrupt decrease in the pH of the 
water. 
Locally anhydrite laths replace or fill voids. The 
anhydrite have resulted elevated sulfate concentrations in 
meteoric waters during exposure. Calichification and extensive oxi-
dation iaply seal-arid conditions (Reeves, 1970) during this 
along the northern shelf. This would be consistent with the 
teaporary existence of sulfate-rich surface waters to anhydrite. 
The net effect of subaerial exposure and freshwater percolation 
on the northern shelf was to leach matrix and grains, frequently 
greatly disturbing the original fabric and producing irregular solu-
tion cavities and zones with vugs, and granular-crystalline 
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porosity (Watney, 1980). Fractured, leached, and recrystallized 
are common in reservoirs in this area. Although the entire 
interval of the upper carbonate is susceptible to leaching, the best 
and co-on of porosity occurs in association with 
grain-supported textures. 
Intense early diagenesis also persisted over of the CA and 
CKU in all of the in the Kansas City Group. 
Intense freshwater diagenesis is indicated by the development of in 
!.!!!! breccias, solution channels, and early fracturing. Carbonates 
on the CA and CKU are co•only less shaley and regressive shales 
overlying each regressive carbonate are decidedly thinner, particu-
larly to the south. These conditions are favorable for dissolution 
of carbonate rock and formation of porosity with less opportunity for 
percolation of shale into the voids. The persistence of the CA and 
CKU as positive areas on the shelf throughout the of the 
is a significant factor in the of large Lans-
ing-Kansas City reservoirs over these areas. 
Southwestward across the shelf, early diagenesis is less evi-
dent. Large solution cavities, breccias, and are 
sing. Instead, subtle criteria indicating local subaerial exposure 
and active early diagenesis by waters undersaturated with respect to 
carbonate include vugs, and solution cavities, 
with caliche-like calcite coatings containing internal quartz 
silt especially at the very tops of the carbonates. Thin, subaerial 
crusts and root casts are also found in this region. These are 
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associated with various carbonate that resulted this 
diagenetic environment--blocky and dogtooth, irregular and isopachous 
calcite and occasionally bladed, blocky, or micritic pendant 
and (Fig. 3.20). The extent of diagenesis 
es downward the top of the upper carbonate. In contrast to the 
areas to the north, the portions of this carbonate are not 
prospective reservoir rocks because the early diagenesis is less 
intense. 
In addition to solution have occurred along 
wispy shale that couonly wraps around cleaner 
carbonate in what are interpreted as burrows. Shale wisps in the 
have converged and wrap around the less argillaceous carbonate 
For example, crinoid that have sutured contacts 
penetrate the edge of a burrow with a thin layer of clay pressed 
between 
Calichification 
The of caliche occurred here during early in 
a or continental setting analogous to that described 
by (1972) and Esteban and Klappa (1983). Finely crystalline 
calcitic episodically precipitated in existing voids 
as water changed in a vadose environment during weathering 
of the carbonate Supersaturation and undersaturation were 
recurrent as water evaporated or carbon dioxide was taken up by 
plants. In general, caliche or calcrete can be as a purely 
accretionary deposit on the surface of a carbonate (Multer and Hoff-
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1968) or internally in the by precipitation or 
as finely crystalline calcite. The processes can be 
associated strictly with soil formation (Gile et al, 1966) or may be 
a direct product of biogenic activity, for growth 
of lichen (Klappa, 1979) or calcification of algal and 
Giele, 1979). Their distinction what would be called 
lites is described by Read (1978). 
crusts are especially co-on and are very similar to 
those described in Holocene and Pleistocene carbonates by Multer and 
Hoffmeister (1968) and Coniglio and Harrison (1983) as subaerial 
caliche crusts. The consist of wavy to crinkly alternations 
of less than 0.5 brown and tan calcite. 
Nodular and irregular caliche cut by subhorizontal cracks filled by 
peloidal calcite is also commonly associated with the laminated 
zones, again very to examples previously described in Recent 
(Hay and Wiggins, 1980) (Pigs. 3.21 and 3.22). 
The carbonate associated with the caliche 
itself provides evidence suggesting subaerial exposure. The associa-
tion of the with and vugs, and sheet 
cracks, association with tubular voids interpreted as root 
casts, (Read and Grover, 1977), and internal 
partly filling solution voids all suggest a near-surface, fluctu-
ating, vadose and phreatic groundwater with 
water alternately undersaturated and supersaturated with respect to 
carbonate. The lack of significant evaporites precludes any 
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prolonged hypersaline conditions with the exception of an occurrence 
in southern Nebraska where nodular anhydrite is locally developed (H-
Zone, Prather, 1981). 
The typical overlying red silty upper shale that has been inter-
preted as a paleosol (Watney, 1980) suggests, at least during the 
tiae when upper shale was deposited in the cyclothem, that the shelf 
was probably with a semiarid to that exist-
ing today in west Texas (Reeves, 1970). Low-relief topography asso-
ciated with the region to the north of the study area and 
climatic conditions help to explain the lack of significant elastic 
deposition in the study area. Rather, coarser elastics were depos-
ited proximal to these distant positive areas. 
Diagenetically, the presence of caliche is significant. It is 
associated with the latest stage in the accumulation of the 
when deposition was ending and poorly preserved and thin 
continental deposition was beginning. It is probable that portions 
of the regressive carbonate have been eroded locally, but other than 
the along the extreae northern study area, evidence for 
any significant erosion is nil. This is suggested by occasional 
lithoclasts preserved at the top of the regressive carbonates. Sub-
aerial crusts of caliche that now cap the regressive car-
bonate have succeeded the weathering and loss of the 
less resistant carbonate Local carbonate-pebble 
erates and apparent channeling on the northern shelf indicate that 
erosion locally extended downward at least 10 feet (3 (DuBois, 
1979; Watney, 1980). 
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Although caliche has been recognized in oolitic grain-
stone facies, another fora of calichification is also noted. A 
is in texture and color to what is described as cali-
che. Brown, locally coats 
solution pores and pendants beneath grains (Pig. 3.20). 
associated with these microcrystal line cements are voids that 
are solution-enhanced interparticle pores. These voids have a unique 
reticulate shape. This pore structure has been noted particularly in 
cores of the H-Zone of the Tideway #1 Beauchamp (Pig. 3.20 B) and the 
K-Zone of the Texaco #1 Litsey and Clinton #2-D Stegman and from 
widely scattered areas on the shelf. The microfabric of the 
is analogous to caliche surrounding root casts and even so the 
dense, crinkly caliche in the subaerial crusts. The pen-
dant shape sug~ests its in a hanging water droplet beneath 
a grain. The association with a caliche crust strongly suggests a 
subaerial origin of this rather unique cement. 
Another of diagenetic overprinting of these 
carbonate rocks is on the northern shelf is 
abundant in the upper portion of the regressive carbonate, where 
it is and has selectively replaced both 
and grains. The of porosity and very fine 
intracrystalline porosity was not unusual. Only infrequently was 
than the upper portion of the carbonate Perroan 
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dolospar, commonly milky translucent with undulose extinction, is 
abundant in pores. This coarse crystalline dolomite occludes vuggy, 
and intergranular porosity in the southern part of the 
study area. It also replaced grains and fills existing 
pores resulting in a poikilotopic habit. This ferroan dolomite 
succeeds an earlier, finely crystalline, rim-distributed calcite 
cement. It preceded the coarser calcite cement and generally has a 
very patchy distribution. 
The concentration of dolospar in the southern area was perhaps 
related to mixing between meteoric waters infiltrating the sediments 
on the exposed shelf and migrating southward to pass laterally 
through the carbonate layer, particularly through the abundant oolit-
ic grainstones. During this migration the water slowly precipitated 
as and displacement of the saline connate water 
occurred. This is in principle to the observations and 
conclusions of Land (1973) and (1973) who invoked low-
salinity water with relatively low Mg:Ca ratio to seawater 
for Formation of secondary pores, recrystallization 
of the and the precipitation of the initial calcite cement 
preceded the The dolomite appears to be a later, 
passive filler of pores and not closely associated with the 
processes of pore 
Choquette and Steinen (1980) attributed microcrystal line dolo-
of lime and wackestone underlying lenses ot ooid 
grainstone,- comparable to on the upper shelf ot this 
study, to and water Another dolomite des-
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Figure 3.26. Other examples of carbonate diagenesis. 
A. Texaco #4 Litsey, 3754 feet, slab photograph (bar scale in 
centimeters) of middle portion of upper carbonate of K-Zone. Light 
brown lime mudstone contains dark brown rounded centimeter-sized 
mottling, some rimmed by buff microgranular calcite. Also dark-brown 
calcite, open or spar-filled fractures, and sutured stylolites are 
abundant. 
B. Cities Service #D-2 Conover, 4597 feet, Photomicrograph 
(plane-polarized, bar scale 1 mm) from similar zone as in A. Calcite 
microspar matrix with pinpoint-sized vugs (a). Mottled light and 
dark with diffuse boundaries between them is unlike that suggested at 




cribed by these workers is perhaps analogous to the coarse dolomite 
so abundant on the southern shelf. This dolomite was interpreted as 
a deep-phreatic, late-generation cement that is coarse, equant, and 
iron rich. It apparently, however, preceded the deep burial of the 
strata and the of stylolites. In western Kansas the 
precipitation of before the coarse calcite which be 
associated with latest stage solution and styolitization of the 
carbonate rock during deeper burial is compatible with the observa-
tions of their study. 
IntenseRecrystal!ization 
The mudstones and wackestones that directly underlie the thick 
oolitic grainstones in the southern study area are recrystallized to 
centimeter-sized, oval-shaped patches of brown 
The resulting pattern affects over fifty percent of the rock 
in cases (Pig. 3.26 A). The recrystallized rock is gray and 
couonly riued by darker, more argillaceous spar that 
is locally The altered areas contain barely discernible 
of shells and vugs in a patchy calcite that 
by partial recrystallization of micrite. The successive 
stages of this diagenesis include fractures, and vugs, 
and finally recrystallization of the to and granular 
spar. This typically results in the of small, erratically 
distributed unconnected pores. Consequently, the rock is 
generally and is not a good reservoir facies. 
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diagenesis has occurred in the Bethany Falls Limestone 
in the outcrop in southeastern Kansas. The fact that in both cases 
closely related facies underwent diagenesis suggests that the 
high porosity of oolite have provided an avenue for of 
fluid that percolated down into the underlying audstone and wacke-
stone, altering as well as the oolite. Undersaturated 
waters could have caused the dissolution of oolites and recrystalli-
zation of to and granular spar. This extensive 
oolite facies must have been an hydrologic unit during late 
regression. 
Depositional and Early Diagenetic Environment 
of the Regressive (Upper) Carbonate and 
Regarding Development of CYC!!! 
Locally on the northern shelf the lower part of the regressive 
carbonate rock is punctuated by thin intervals of grainstone or 
packstone of abraded of skeletal within a 
wackestone matrix. waves with relatively deep penetration aay 
have produced these thin, washed layers. DuBois (1979), however, 
suggested that of these grainstones represent correlative 
regressive and transgressive events based on their occurrence in 30 
cores this study area. More of these shoal-water deposits would 
be expected on the northern shelf, if the water level was lower 
during de~osition of these generally subtidal carbonate rocks. 
Shallower water on the northern shelf is also suggested by the 
frequent intervals of light-colored, strikingly bioturbated, silty 
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and argillaceous carbonate rocks containing scattered but diverse 
marine fossils. This facies is distincly different from the dark 
micrites of the southern shelf that are broken by layers of dark gray 
to black shale. The maps described later will be used to describe 
the transition from the northern to the southern shelf based upon 
associated thickness and facies changes. 
The dark on the southern shelf are considered to be 
part of an extended transition from stagnant water conditions to 
increasingly more normal, open-marine environments. With continuous 
core samples available only the upper interval of this facies, 
it is not possible to detail the exact nature of this transition. 
Wireline logs suggest that 10 to 30 percent of the regressive car-
bonate is of this facies in the south. 
While an established oxygenated water coluan developed on the 
northern shelf, the southern shelf was perhaps still deep enough to 
have intermittent stagnation and low oxygen (dysaerobic) con-
ditions developed in the lower water column. Broken but unabraded 
invertebrate fossils in the lower part of the regressive carbonate 
simply represent lag deposits associated with nondeposition when 
bottom conditions became anoxic and benthic life forms died. With 
continued shallowing of the water column, however, dsysaerobic con-
ditions may have been no longer possible. 
The upper part of the regressive carbonate includes the shoal, 
high-energy facies and the restricted-marine, shallow-water carbonate 
representing low-energy environments. The oolitic facies is thickest 
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in the J- and K-Zones in the southern study area. The restricted, 
low-energy facies appears to be exceptionally thin when associated 
with this oolitic facies. Thin zones of wackestones or packstones 
locally occupy intervals at the tops of regressive carbonates thought 
to be time equivalent to the oolite. These contain quartz silt, 
lenses of dark-rimmed bioclastic grains (#21-5 Scheulfer), corroded 
grains, fine peloid-oolitic grainstone, with occasional fenestral 
fabric and even some diagenetic textures such as solution piping, and 
thin caliche crusts (K-Zone, #7 Lemon in Sec. 13-34-2w). Yet these 
units are at most only several feet thick, while the oolite facies 
are sometimes tens of feet thick. Many of these thin deposits also 
mantle thick accumulations of oolite. Thus they are unlikely to 
represent the same total time span. They would appear to be in part 
time equivalent. 
No gradual transitions from open-marine wackestone to oolite 
appeared in the cores described. Progradation of the carbonate as 
previously mentioned does not appear to be a significant factor in 
the shallowing of the carbonate sediment-water interface. Neverthe-
less, the scouring and general erosion beneath the oolite may have 
removed much of the earlier deposits. Ball (1967) described oolite 
bars on the Great Bank that rest on platform interior muds and 
sands, which can generally be described as marine deposits increas-
ingly restricted toward the interior resulting fluctuating sa-
linity (Bathurst, 1976). The oolite bodies prograded over the outer 
limits of the restricted platform as spillover lobes, but not neces-
sarily eroding and removing the underlying mud-rich carbonate. In 
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contrast on the southern shelf of the study area the oolites appear 
to have spread over a more open-marine, subtidal, deep-water shelf 
perhaps during lowering of the water level. 
The thickness of the restricted intertidal-supratidal facies on 
the northern shelf is less than might be anticipated if, for example, 
the oolite on the southern shelf had formed an extensive restricted 
lagoon to the north. Yet, for this relationship between facies to 
exist on the shelf the slope would have to have been almost nil. 
Evidence presented earlier suggests that this is not true. Moreover, 
most of the oolite deposits to the south, for example, greatly exceed 
the thickness of the entire cyclothem on the northern shelf. 
On the northern shelf the high-energy facies also commonly has a 
sharp basal contact with subtidal, open-marine facies. The low-
energy, restricted-marine facies sharply overlies the same subtidal 
wackestones when the high-energy deposits are not present. These 
observations suggest an abrupt change in environment on a regional 
scale paralleling a comparable change on the southern shelf. This 
comparison is not meant to suggest that these represent synchronous 
events. Prather (1981) also concluded that the abrupt changes in 
carbonate facies were not synchronous his work in Hitchcock 
County, Nebraska. 
The oolite facies in the southern shelf does not appear to have 
an easily identified equivalent facies to the north, particularly if 
paleoslope was at all significant. With shoal-water conditions pre-
sent on the southern shelf, the northern shelf in excess of 100 miles 
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(160 km) distant would probably have been emergent. These shallow-
water environments in general could have easily migrated southward 
across the shelf through time to produce diachronous facies at the 
top of the regressive carbonate, given even a slight slope to the 
depositional surface. A change in level of the sea would be a logi-
cal means of bringing about the abrupt, late-stage change to shallow 
water, restricted-marine, high- and low-energy facies without an 
intervening gradational interval by essentially skipping expected 
transition-type facies. With a southerly sloping surface, the oolite 
facies would have formed considerably after the development of the 
shoals in the north as sea level fell. A broad low-relief shelf 
setting on the northern interior of the epeiric sea may have prevent-
ed any sustained currents and waves that permitted the development of 
oolite to the south. 
Effects of early diagenesis are pervasive in all of the regres-
sive carbonates of the zones studied. The extent of this diagenesis 
varies in a predictable manner with increasing intensity, greater 
vertical penetration, and apparent longer duration northward across 
the shelf in western Kansas and southern Nebraska. This progression 
of diagenesis also complements the changes in facies, strongly sug-
gesting a fall in sea level as the cause of shallowing and eventual 
emergence across this shelf. More intense subaerial exposure and 
freshwater percolation occurred on the northern shelf, while the 
southern shelf, mainly an open-marine carbonate province including 
accumulation of thick oolitic facies, contained less striking exam-
ples of subaerial diagenesis. Available information, however, is 
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considered sufficently diagnostic of extensive emergent conditions 
developed on the southern shelf late during the deposition of each 
zone, albeit over shorter times and with less intensity. 
The shelf-wide variation of diagenesis and the correlation with 
the patterns of depositional environments suggests a shelf with a 
gentle southerly slope of variable relief. The northern shelf was 
higher than the southern shelf, and shallowing occurred sooner on the 
north. Late in the cycle, emergence was more prolonged over thls 
landward position on the shelf. This interpretation will be substan-
tiated with the results of the regional mapping reported below. 
Upper Shale 
The uppermost lithofacies of the Missourian is the 
regressive shale. This unit is predominately continental in the 
region of investigation. The shales here are all relatively thin 
with the exception of the northwestern and extreme southwestern 
portions. As Heckel and (1975) have demonstrated very 
elegantly, the regressive shale can be either continental or mar-
ginal-marine deltaic sediments. These terrigenous detritus actually 
overcame carbonate sedimentation before emergence occurred in some 
Missourian in southeastern Kansas, but this has not been 
observed in the carbonate-domjnated shelf of western Kansas. The 
shales in these four cyclothems in the area of this present study are 
all less than 30 feet (9 m) thick and are typically just a veneer. 
Marine fossils such as brachiopods and crinoids are limited to the 
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basal portions of a very few regressive shales and are commonly 
intermixed with lithoclasts of the underlying carbonate. These fos-
sils may be simply a lag accumulation originating from the underlying 
carbonate unit or representative of limited terrigenous influx in a 
shallow-marine setting. Algal stromatolites have been recognized in 
very small occurences on the northern shelf, but these may be fresh-
water deposits rather than intertidal marine accumulations. Kaesler 
(1982) examined microfossils in upper shales and found no signs of 
marine fauna saaples scattered across this area of study. Table 
11 provides selected of the variation in the upper shales 
across the shelf in the area of study. Figures 3.27 and 3.28 illus-
trate the evidence for subaerial diagenesis in the upper shales. 
Nonmarine character and paleosol features dominated these shales 
cored in this area. 
The upper shales have been demonstrated to passively fill depos-
itional and structurally-formed paleotopography (DuBois, 1979; Wat-
ney, 1980; Prather, 1981). Thickness generally decreases very slowly 
southward across the shelf except locally in association with the 
underlying topography. The phylloid algal buildups of the underlying 
carbonates in the D, G, and H-Zones in Rawlins County, for example, 
were deposited in an open-marine, subtidal setting preceding the 
influx of terrigenous mud that formed shales that cover and surround 
these buildups. Ebanks and Watney (in press) illustrated this later 
influx of elastics, citing an example where a leached pore system 
produced from the solution and collapse of algal plates of the D-Zone 
was later infiltrated by silt-sized quartz and shale. The green-
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Table 11. Pervasive Evidence for Subaerial Exposure During 
Accumulation of the Upper Shale 
1. Oxidized red-brown nonfossiliferous argillaceous siltstone 
with nodules and millimeter-sized blebs of microcrystalline 
calcite (caliche and root casts) and fractures and fissures 
(desiccation features)--J-Zone, Cities Service A-1 Holmdahl, 
Sec. 29-3s-31w and K-Zone, Cities Service F-5 Reese, 
Sec. 22-5s-2OW. 
2. Olive-green mottled maroon nonfossilferous shale with veins, 
nodules and blebs of microcrystalline calcite--H-Zone, Cities 
Service 5O6-W Dorr Unit, Sec. 16-9s-16w, K-Zone, Gore 4 
Findley, Sec. 23-lls-21w. 
3. Thin (<2 feet) gray silty unfossiliferous shale containing 
centimeter- and millimeter-sized mottles of microcrystalline 
calcite (caliche and root casts), cracks filled with micro-
crystalline and sparry calcite, lithoclast debris at base--
K-Zone, Sam Gary #21-5 Scheufler, Sec. 21-33s-2OW; I-Zone, 
Tideway 1 Beauchamp, Sec. 19-3Os-4Ow. 
4. Thin, reworked, or missing regressive shale--H-Zone, Tideway 
1 Beauchamp, Sec. 19-3Os-4Ow; ff-Zone, Pan American #B-6 
Ohlson, Sec. 28-14s-14w; H-Zone and I-Zone Stanolind 3 
Denker, sec. 1O-22s-12w; K-Zone Clinton #2-D Stegman, 
Sec. ll-16s-17w. 
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Figure 3.27. Evidence of subaerial exposure in regressive shale. 
A. Cities Service #A-1 Knudson, 4276 feet, slab photograph 
(bar scale in centimeters) of lower portion of very silty green to 
gray, mottled yellow upper shale of K-Zone. Abundant longitudinal 
and transverse cuts of pedotubules (a) some surrounded by a thin halo 
of brown microcrystalline calcite cement (b). Lighter areas are 
concentrations of microcrystal line calcite interpreted as caliche 
nodules. 
B. Gore #5 Findley, 3742.5 feet, photomicrograph (plane-polar-
ized, bar scale 1 mm) from upper shale of K-Zone. Irregular lighter-
shaded fissures (a) filled with mixture of microdolospar and argil-
laceous dolomicritic quartz siltstone. Larger sparry cement is dolo-
spar. Fissures surround denser cemented matrix (b) resembling cir-
cumgranular cracks. Sample is interpreted to display incipient cali-




Figure 3.28. Evidence of subaerial exposure in regressive shale. 
Slab photographs, bar scale in centimeters. 
A. Sam Gary #21-5 Scheufler, 5817 feet, upper shale, K-Zone. 
Color-mottled, light-gray to green argillaceous, unfossiliferous 
siltstone contains light-colored nodular microcrystal line calcite 
(caliche) cut by scattered pedotubules (a). Subhorizontal fractures 
(b) are stained lighter gray perhaps associated with desiccation. 
Dark line in upper portion of photograph is a fracture that is an 
artifact of core preparation. 
8. Clinton #2-D Stegman, 3405.5 feet. Solution-pitted, dark-
ened clast of carbonate rock is from within upper portion of 3-foot 
bed of upper shale of J-Zone. Shale matrix (not shown) is moderate-
ly soft, blocky, green with red mottles with centimeter-sized verti-






tinted quartz siltstone that fills pores only in the upper portion of 
the carbonate resembles a vadose internal sediment carried into the 
carbonate by percolating, meteoric fresh water (Dunham, 1969). This 
silt and shale match the lithology of the overlying basal portion of 
the upper shale. A period of exposure and the development of a 
freshwater lens appear to have preceded the upper shale. The upper 
shale is characteristically red-brown argillaceous siltstone or clay-
stone across the northern study area becoming predominately green and 
gray to the south (Table 3). Locally, it is sandy in the north and 
southwest. Poorly preserved current bedding in the silty 
shale of the J-Zone in Hitchcock County, Nebraska, led DuBois (1979) 
to conclude that intermittent overland flow was important in trans-
porting this silty sandstone. Furthermore, channeling into the un-
derlying regressive carbonate is recognized by DuBois. 
Evidence of soil development is common in the upper shale. The 
strata are mottled with white or pink microcrystal line calcite un the 
northern shelf. Watney (1980) attributed the precipitation of 
crystalline calcite and local dissolution and replacement of quartz 
grains by calcite spar and calcite to calichifica-
tion. Anastomosing shrinkage cracks, circumgranular cracks, and root 
casts are all common to this soil-forming process and calichifica-
tion. The root casts are coaJ1only ri-ed by oriented clay cutans and 
dense halo~ of aicrocrystalline calcite. The and 
tubular nature of these root casts are similar to modern analogues 
(Stephen, 1960). The inverse relationship between the abundance of 
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the interstratified mixed-layer clay minerals and feldspar have also 
been attributed to soil processes (Watney, 1980). Furthermore, the 
soils described are similar to those developed in a semiarid envi-
Reddish-brown, locally very calcareous clayey siltstone 
matrix with carbonate nodules, decreasing feldspar with increasing 
clays, oriented clay-coated sand grains and clay-lined 
pedotubules are of the characteristics of modern soils in semi-
arid northwestern Texas (U.S.D.A.). Occasionally the soil profile 
includes the regressive carbonate. The carbonate rock has 
been fractured and broken and mud has infiltrated into it during 
weathering, converting it to the C-horizon of the soil. 
The distribution and composition of this unit suggests that this 
deposit succeeded the deposition of the regressive carbonate in a 
subaerial setting rather than being locally concurrent with or over-
carbonate in the marine environment. A subaer-
ial deposit would be expected to complement the topography of the 
land, filling in the valleys. Notable thinning of the upper shale on 
sharply weathered carbonate surfaces over widespread areas of the CKU 
is a strong argument for relief over this region during the accumula-
tion of each of the cyclothems. The upper shale represents a contin-
uation of the regression in the and is therefore referred 
to as the regressive shale (Tables 3 and 4). 
The succession of lithofacies varies considerably but in a 
predictable way across the shelf. The transgressive (lower) carbon-
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ate is thin (less than 5 feet thick) and grades upward across the 
entire shelf shallowest water to deepest water facies with 
diverse invertebrates. In some cycles the transgressive carbonate is 
extremely thin (less than 0.5 feet) or missing altogether along the 
northern (landward) portion of the study area (Table 5). The marine 
(lower) shale typically is thin and contains a radioactive dark 
fissle shale facies. Along the northern shelf the unit is commonly 
significantly thicker, generally silty, and lacks the dark-shale 
facies. Over the CKU the unit is commonly thin, nonradioactive, and 
not black. 
The regressive (upper) carbonate is a shallowing-upward lime-
stone with peritidal deposits invariably present at the tops, however 
thin. On the northern shelf where the shoal-water deposits are 
thinner and more commonly restricted micritic and limited skeletal 
grain-rich carbonates. They are generally more silty and overall 
lighter colored along the northern shelf. 
The regressive (upper) shale is thicker, siltier, and along the 
northern shelf contains more oxidized iron coinciding with more 
intense weathering and freshwater diagensis of the underlying re-
gressive carbonate. To the south the regressive shale is thinner and 
lacks significant oxidized iron. It is nevertheless nonmarine. 
interpretation of a shallower, more landward setting to the north 
The 
that was e~ergent early and was a source area for terrigenous 
elastics is based on the integration of observations from all four 
lithofacies. Even though each cyclothem or zone has its unique 
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character, all of the cyclothems examined here vary similarly across 
the shelf. Differences, however, are enough to encourage the sepa-
rate analysis of each cyclothem. 
The information from the cores is extended through the investi-
gation of wireline logs which provide a record of certain mappable 





The Lansing and Kansas City groups have contributed a major 
share of petroleum reserves in southwestern Nebraska, western Kansas, 
and the panhandle areas of Texas and Oklahoma. The ultimate recovery 
the Pennsylvanian rocks in the Midcontinent was estimated by 
Rascoe and Adler (1983) to be 8.84 billion barrels of oil of which 
3.79 billion is from giant fields (greater than 100 million barrels) 
and 2.66 billion significant oil fields (between 25 and 100 
million barrels). The Hall-Gurney oil field discovered in 1931 in 
Russell and Barton counties on the CKU is the only giant oil field in 
Kansas that produces from Pennsylvanian rocks. Its principal produc-
tion is from the Lansing and Kansas City groups; 139 million barrels 
of oil have been produced this field. Nonassociated natural gas 
produced from Pennsylvanian reservoir rock from the Midcontinent now 
totals 31.9 tri I lion cubic feet (tcf), 12.5 tcf from giant fie Ids 
(greater than 600 billion cubic feet, bcf) and 6.0 tcf from signifi-
cant fields (between 150 and 600 bcf). Just over one-fourth of the 
ultimate oil production in this region will come from smaller fields 
while over 40 percent of the gas will be such fields. 
The frequency distribution of numbers of fields ranked by size 
of wells) and the median number of wells per field were 
prepared for eight divisions of the study area (Plate 2). The median 
size of the fields ranges 2 wells in northwest Kansas (area ll) 
to 5 wells per field in areas *3 and 4. The surface area underlain 
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by production in each area varies significantly from only 0.41 per-
cent in northwest Kansas to 13.9 percent on the CKU in Area #6. The 
CKU is the most mature, most densely-drilled region in the U.S .. 
while the area west of it is still undergoing active exploration and 
development. The distribution of the fields ranked according to 
increasing size in the CKU approximates a hyperbolic decline (Plate 
2). In contrast, the distribution is much less defined in the devel-
oping areas. It perhaps could be anticipated that the frequency 
distribution in the developing areas would eventually approach that 
of the mature region if geological conditions were similar between 
areas. The evidence presented in this study, however, does not 
suggest that this is the situation. 
Selected reservoir parameters for fields in each of the eight 
areas are listed in Table 12, 13. Most of the fields that are listed 
are those previously described in the literature. The selection for 
that reason is arbitrary and therefore is not considered to be repre-
sentative of the area. Recovery factors are expressed in barrels per 
acre and in soae cases barrels per well when the total number of 
present and past producing wells is known. Many fields have multiple 
pays, particularly those that are structurally controlled. The pro-
duction is commingled and for that reason it is difficult or impos-
sible to determine the fraction produced from the Lansing and Kansas 
City group~ alone. Morrison (1979) noted that in Gove and Trego 
counties, Kansas, exceptional wells can produce as much as 150,000 
bbls over the average life of 15 years, while the average amount of 
oil production per well for the area is 65,000 bbls. Unusually 
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Table 12. Field Data of Selected Lansing and Kansas City Group 




FIELD DISCOVERY PAY THICK- DISC. 




Adel 1 6S-26W Sheridan 1944 3750 LKC 2-20 ft. 840 
all 
zones 
co .. ents: developed on 20 acre spacing; 50-60 ft. oil column; trap 
large elongate anticline (Lane, 1959, p. 1-3) 
Llanos 6S-37W 1958 4440 LKC+ 
Cher 
12 ft. 
Comaents: Trap: small anticline (Byers, 1959, p. 92-97) 
Gove 13-30W Gove 1953 4120 LKC+ 4-6 ft. 
Miss multiple 
(Bear, 1959, p. 24-28) 











20 ft. oil column: porosity; BHP= 1330 PSI; trap: 
combination structural (anticline) - stratigraphic 
(Fugitt and Wilkinson, 1959, p. 13-28) 
Nunn 21S-34W Pinney 1945 4300 LKC 13 ft. 779 
co .. ent: 
no water 










Pollnow 3S-29W Decatur 1953 3730 LKC 4 ft. 79 
BHP• 1050 PSI; trap~ combination structural-stratigraphic; 
(Geol. Dept., Anderson-Prichard Oil Corp., 1959, 141-144) 
Feely 5S-27W Decatur 1952 3600 LKC 2-5 tt. 
3 zones 


































LKC+ 16 ft. 
Arbuckle 




BHP 1100 PSI; trap~ domal closure on anticline 









1953 4056 LKC 9-13 ft. 
1470 BHP; trap= small anticline with 10 ft. closure 
oil/water contact (Brown. 1956, p. 38-41) 
Coats 29S-14W Pratt 1945 4139 LKC+ 8 ft. 
Simpson oomoldic 
Arbuckle 
structural trap, dome; (Curtis, 1956, p. 19-24) 
Abbyville 












trap a combination structural-stratigraphic (Geol. Dept .. 
Skelly Oil Co., 1956, p. 1-3) 
Rosedale 
29S-6W Kingman 1954 3700 LKC 6 ft. 144 
22'l. wtr. 
BHP 1540 PSI: trap a anticline (Richardson and Matthews, 
1956, p. 85-87) 
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TABLE 12. Field Data of Selected Lansing and Kansas City Group 
Reservoirs, Western Kansas (cont.) 
(BBLS) 
(ACRES) CUM. NO. PRODUC. RECOVERY DRIVE API 
LOCATION SIZE PRODUCTION WELLS BBLS/WELL BBLS/ACRE MECHANISM GRAVITY 
Adel 1 1200 8,067,720 54 max. 149,402/ 6723 water 30-41.5 
24 pres. wel 1 
Llanos 280 779,086 7 111,298/ 2782 water 33.8-39.5 
well 
Gove 80 37,861 2 18,931/ 473 pressure 36-39 
wel 1 depletion 
Eubank 1440 10,000,000 72 139,000/ 6944 pressure 34.4 
wel 1 depletion 
Nunn 9000 bbls before being comingled with Marmaton; 1 LKC wel 1 in field 
Pollnow 600 1,193,339 15 79,556/ 1988 pressure 38 
wel 1 depletion 
Feely 160 388,654 7 55,522/ 2429 water and 34-39 
wel 1 gas drive 
Laton 5160 12.569,470 129 97 ,438/ 2436 30 
well 
Fairport 10. 770 45,001,142 359 125 ,351/ 4178 
well 
Hall -Gurney 
42,160 135,055,809 1054 128, 136/ 3203 
well 




1680 6,758,075 42 160,907/ 4023/acre solution 40-41 
wel 1 gas and 
gas cap 
120 197,615 3 65,872/ 1647 
well 
Coats 160 517,951 8 64, 744/ 3237 
4 present well 
Abbyville 600 1,189,311 28 42,475/ 1982 38 
1 present well 
Rosedale 1360 3,178,458 34 93,484/ 2337 43 
well 
TABLE 13. of Secondary Recovery Lansing and Kansas City Group Carbonate Reservoirs, Western Kansas 
FIELD NO. NO. THICKNESS AVE. DISC WATERFLOOD REPORT WELL 
NAHE LOCATION COUNTY PROOUC. INPUT ZONES ZONES POROSITY DATE BEGAN DATE SPACING 
cumulative since waterflood 
BO BW BO/yr BW/yr BO BW BO/yr BW/yr 
daily production before waterflood current dai I~ eroduction 
BOPD BWPD BOPD BIJPD 
daily production after waterflood 
BOPD BIJPD 
Feely 55-271.1 Decatur 4 2 3 4i4i3ft. 147, 1952 3-63 1-65 
253,DDO unknown 23,DOO -- 63,000 70,000 35,000 3B,B89 
N 
14 13 77 116 Great Bend .s:--\D 
SPE, 1965) 
Adel I 6S-26W Sheridan 20 9 6 42.5ft. -- 1944 7-62 1-74 
total 
4,843,421 3,1B0,0DO 269,079 176,667 1,554,332 14,500,DOD 124,347 1,160,0DD 
639 2,500 199 3,126 (from Great Bend 
750 2,500 SPE, 1974) 
Basi I 305-71.1 Ki 6 4 1 -- 1Bl 7-53 5-71 1-74 10 acre (Spivey-Grabs-Basil) H-Zone 
695,000 990,000 40,882 5B,235 99,467 644,000 37,254 241,534 
65 260 30 630 (from Great Bend 
280 1,200 SPE, 1974) 
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high daily flow rates have been realized from single wells in excess 
of ten thousand of barrels per day, from the larger fields on the 
CKU. Fracturing of the carbonate very possibly has been a large 
factor in such high levels of production (Amyx, Bass, and Whiting, 
1960). 
The primary reservoir-drive mechanisms are water drive and pres-
sure depletion. Primary recoveries are on the order of 30 to 35 
percent of the original oil in place (A.P.I., 1978). The initial 
production from a new reservoir is usually appreciably higher than 
the sustained, production, particularly in pressure deple-
tion reservoirs when the early drop in pressure is greatest. 
Secondary recovery by waterflooding on the CKU can come close to 
doubling the primary production (Walters, 1981, personal couunica-
tion). The variable distribution of porosity is inferred to be the 
cause of significantly reduced sweep efficiency in some waterfloods 
and is probably a limiting factor in the success of the waterflooding 
projects. Table 13 lists the published results of three waterfloods 
in reservoirs in the Lansing and Kansas City groups. Feely field 
mentioned in Table 13 represents a combination structural-strati-
graphic trap with an updip-pinchout of porosity. After nearly two 
years of waterflood operations in this field, daily oil production 
reached in 1965 five times the level before waterflooding began. 
Waterflood in Adell and Basil (now Spivey-Grabs-Basil field) have 
been less successful (Table 13). Daily production of oil is actually 
down significantly as water has increased due to the waterflood. 
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However, signifcant incremental oil recovery was obtained for both 
Adell and Basil leases based upon comparison of projected decline 
curves for primary production and the actual production curve during 
waterflood. 
Water will tend to move more readily through high permeability 
channels common in carbonate reservoirs and eventually a water block 
can occur at the producing well. This tends to occur because as the 
fraction of water produced (water cut) increases, the relative per-
meability to oil decreases (Amyx, Bass, and Whiting, 1960). Means of 
plugging high permeability channels such as fractures or vug systems 
would probably add considerably to the efficiency of waterflooding 
projects in general for the area. 
Characteristics of some crude oils and reservoir rock from the 
L-KC make them potential candidates for miscible-carbon dioxide 
flooding. This tertiary recovery method depends on reaching a 
miscibility pressure beyond which the carbon dioxide combines with 
the oil to produce a fluid which is more mobile and subsequently 
easier to remove from the reservoir. The miscibility pressures for 
a number of crude oil samples from reservoirs on the CKU range from 
1200 to 1500 psi. These pressures are within the range of original 
reservoir conditions although the present pressures are usually 
lower due to pressure depletion resulting from production. After 
both primary a~d secondary (water-flood) recovery, nearly half the 
original-oil-in-place may still be in the reservoir (Green and 
Azadeh, 1983). It's this large remaining volume of oil that is 
sought with the use of tertiary-recovery techniques. The percent 
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oil actually recovered from tertiary methods typically amounts to an 
incremental recovery of 15% of the original oil in place (Lewin and 
Assoc., 1976). The geology of the reservoir is an essential ingre-
dient in feasibility studies and planning for both secondary and 
tertiary recovery processes. 
The Lansing and Kansas City groups have maintained their posi-
tion as a major producing interval and are the most actively explored 
in Kansas. Reservoirs in the interval accounted for over one-third 
of all oil discoveries in Kansas during 1981 and 1982. While most 
oil and gas fields are found on the CKU new developments are occur-
ring to the west of the CKU. The Collier Flats field located in 
south-central Kansas is a recent example of successful exploration in 
this western region. Fifty-four wells have thus far produced in 
excess of a million barrels of crude oil from a single zone within 
the Kansas City Group, the regressive carbonate of the K-Zone. Ini-
tial production of some wells was greater than 100 BOPD. The produc-
ing wells are located on a southerly-plunging, anticlinal nose. Dry 
holes, however, are immediately updip from this accumulation and 
suggest that a pinchout of porosity has provided the trap for oil on 
this non-closing anticline (Watney and Paul, 1983, Figure 18). 
closure and areal-restriction of porous car-
bonate are the main reasons for field size in western Kansas. 
For example; in the northwestern area of study fields produce 
from single pay zones commonly the J- or K-Zones. In contrast, the 
Cahoj field discovered in Rawlins County in 1959 has produced over 
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6.9 million barrels from 28 wells from all zones in the LKC somewhere 
within the limits of the field. The field is located on a prominent 
dome that had demonstrable paleorelief during the accumulation of the 
Lansing and Kansas City groups (Watney, 1980). Development of poros-
ity in the zones is apparently enhanced through the localized accumu-
lation of grain-supported carbonates plus freshwater diagenesis (Wat-
ney, 1980). This structure is exceptional in size, number of produc-
ing zones, and amount of production and is in distinct contrast to 
the surrounding fields discovered in Rawlins County. 
The exploration for subtle traps will have to be emphasized in 
the future because the odds favor the smaller or more purely stratig-
raphic fields since most of the obvious structures have been found. 
The search for stratigraphic traps or combination structural-stratig-
raphic traps will rely increasingly on the knowledge of the regional 
framework of potentially favorable reservoirs. This will be based on 
examining rocks and identifying how porosity is developed. The 
recognition of a potential site of hydrocarbon entrapment might then 
include the identification of structural anomalies that coincide with 
a trend of favorable development of reservoir rock. The prospective 
accumulation might also be sited using some other subsurface or 
geophysical tool available to the explorationist. The integration of 
the analysis of lithofacies and the evaluation of wireline logs 
emphasized in this study should help to establish the first objective 
in defining an exploration target in these strata, i.e. identifica-
tion of the trends of porous carbonate rock. 
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CHAPTER FIVE 
INTEGRATION OF LITHOFACIES AND WIRELINE LOGS 
Wireline logs run in the borehole after a well is drilled meas-
ure both physical and chemical characteristics of the rock represent-
ing both natural and induced emissions. Common sedimentary rocks 
present various combinations of logged responses that are generally 
not unique because the bulk composition of the rock can vary consid-
erably. The wireline logs respond to changes in lithology, pore 
volume, and composition of the fluid in the pores. The signature of 
the analog curves of log response versus depth on the wireline logs 
provides an accurate record of thickness of major lithologic units 
and hence serves as a useful tool to interpret the stratigraphy. 
In the last 30 years the responses on well logs have been stand-
ardized and calibrated; recordings have been made more sensitive and 
now measure additional properties of the rock using new instrumenta-
tion. For these reasons logging has been made more directly applic-
able to the interpretation of the physical and chemical nature of the 
rocks. Since major exploration began in western Kansas in the late 
1940's, well logs have become an essential tool in determining lith-
ology and porosity and detecting the presence of hydrocarbons and 
hence were available for this study. The most effective and economic 
logging tool suite commonly used combines the natural gamma ray, 
neutron, and resistivity logs. These three logs permit the resolu-
tion of the stratigraphic succession and identification of lithology. 
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Log response or signature, however, must be correlated to lithology 
based on core or sample descriptions. 
The four basic lithofacies that comprise the cyclothems of this 
study can usually be recognized by their distinctive signatures on 
wireline logs. Wireline logs are useful in translating lateral 
variations in lithofacies within these cyclothems and also provide a 
means to compare lithofacies between cyclothems (Watney, 1979). Ta-
ble 14 summarizes these observations, and Appendix C summarizes the 
principles of interpretation of the wireline logs used in this study. 
Cross plots of wireline log values from the same cyclothem can 
be compared among wells in different areas to examine and character-
ize gross changes in sedimentation, e.g., influx of terrigenous 
elastics. In addition, plotting a succession of data ranked by depth 
from one cyclothem reveals a characteristic trend from transgressive 
to late regressive lithofacies. This basic pattern is repeated in 
the adjacent cyclothems. This is a good demonstration that the zones 
are composed of a succession of rock types that were repeated again 
and again. Cross plots of wells that are far apart in the study area 
result in noticeable changes of the positioning of the points on the 
cross plots, but the general pattern of points is maintained. These 
changes, however pronounced, vary predictably according to subtle 
changes in lithofacies (Watney, 1979). 
Figure 5.1 is a gamaa ray and neutron-porosity (compensated) 
cross plot of the K-Zone for the Amoco #A-2 Lee well located on the 
southern margin of the study area (sec. 4-26S-36W, Kearny County). 
cross plot of the gamma ray and neutron-porosity of the Gulf #l 
A 
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a. 50-80 A.P. I. GR units 
(locally higher in 
dark-gray shale) 
b. Low neutron counts (high 
porosity index) (higher 
counts when shale is 
silty or calcareous) 
c. Low resistivity (moder-
ate when calcareous) 
Comment: Most uniform of all lithofacies; closely 
approximates the average shale 
Regressive Carbonate a. Low gamma radiation (15-40 
A.P.I. units) in upper 
and middle portions of 
regressive carbonate. 
Medium levels of GR 
(40-60 A.P. I.) 1 oca 11 y 
in lower regressive 
carbonate in northern 
area of study. 
GR (60-100 A.P.I.) in 
some lower regressive 
carbonates in southern 
area of investigation. 
Comment: Low gamma radiation implies clean, more 
pure carbonate while elevated GR values alone 
only suggests presence of shale, chert, 
organic matter, mineralized fractures. 
b. Very high neutron counts 
(very low porosity index) 
in nearly pure, dense 
carbonate. 
Decreasing neutron 
counts proportional to 
logarithm of porosity 
except in gas-filled 
void spaces. 
Decreasing neutron 
counts with increasing 
shale content. 
No change with silici-
3. 
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fication or presence of 
dispersed organic matter 
or pyrite. 
c. Resistivity levels are 
high in dense, clean or 
siliceous carbonate or 
clean oil- or gas-filled 
porous carbonate. 
Lower values of resis-
tivity with increasing 
concentrations of shale 
or increasing porosity 
that is filled with for-
mation brine. 
Comment: Moderate to high gamma radiation (60-100 
A.P.I.) and moderate to high neutron count ( low 
porosity index) (3-18 P. I.) commonly asso-
ciated with micritic carbonates containing 
clay and small amounts of organic matter 
(Watney, 1979); shale fraction does not 
explain the entire gamma ray response; 
moderate gamma ray and high neutron count 
found over all of study area while high 
gamma ray and moderate to low neutron 
count found in extreme southern study 
area where it is associated with darker 
argillaceous mudstone-wackestone facies. 
Low neutron count (high porosity index) 
and low gamma ray typically coincide with 
clean porous carbonate. Porosity at 
top of regressive carbonate is commonly 
associated with void space in leached 
packstone or grainstone, a conclusion 
reached in Watney (1980). Thick develop-
ment of highly porous carbonate (greater 
than 6 to 8 feet) is commonly associated 
with oolite facies on central and southern 
shelf. 
Marine Shale a. 50-120 A.P.I. unit gamma 
radiation in gray 
to black facies is similar 
to regressive shale; 
>150 A.P.I. units in 
dark gray to black 
shale facies; 
b. Neutron counts ranges 
from genera 11 y 1 ow to 
moderate. 




a. Gamma radiation level is 
commonly moderate in the 
range of 50 to 90 A.P.I. 
units; elevated values 
in part due to thin-
ness and its position 
below a high gamma ray 
unit; yet some of higher 
gamma radiation is 
attributed to possible 
uranium enrichment 
associated with dispersed 
organic matter commonly 
imparting darker hues 
to this carbonate unit. 
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Figure 5.1. Gamma radiation (GR) in API units plotted versus 
neutron porosity (0N) in percent for the Texas Oii and Gas (TXO) #1 
Bierig well located in W/2 E/2 SW Section 34-3Os-42w in the extreme 
southwestern portion of the area of study. Points represent read-
ings at one-foot increments over the K-Zone. The points are identi-
fied by lithofacies based on sample cuttings and corelation of the 
well to cored wells with known lithofacies. Mudstone-wackestone is 
in the mid and lower regressive carbonate interval. Note the pre-
sence of ·only a relatively thin interval of low GR and clustered 
pattern of these points. Distinction between the marine shale and 
regressive shale on this plot is not possible. Both have interme-
diate GR and 0N. Vertical distribution of GR-0N is shown on right 
side of illustration with vertical scale in feet. A small plot in 
the upper left illustrates the frequency of GR values sampled on a 
per foot basis is expressed as normalized percent for the K-Zone. 
GR values are bimodal with a small peak for the limited clean car-
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Hughes well is shown for comparison. This well is located on the 
northern area (sec. 22-9S-29W, Sheridan County) (Fig. 5.2). The 
major differences in lithofacies between the K-Zones in these two 
wells include the interval with low gamma-radiation, the highly 
porous oolitic facies of the upper portion of the regressive car-
bonate in the A-2 Lee well, interval of higher gamma radiation in the 
basal portion of the regressive carbonate also in the #A-2 Lee well, 
and the thicker, less calcareous regressive shale prominently devel-
oped in the #1 Hughes well. The high level of gamma radiation 
(greater than 150 API units) associated with the marine shale in both 
wells decreases dramatically just north of the #1 Hughes well (Wat-
ney, 1979). 
The TXO #1 Bierig in sec. 34-30S-42W is located on the south-
western positive area. The cross plot of the K-Zone in Figure 5.3 
resembles that of wells on the northernmost shelf including low 
gamma-ray values in thicker marine shale, a thick regressive shale, 
and a thin, regressive carbonate. The points on the cross plot are 
clustered, a characteristic of areas affected by a more sustained 
influx of terrigenous elastics (Watney, 1979). The carbonate litho-
facies become increasingly argillaceous and the marine shale resem-
bles the regressive shale in these areas of terrigenous elastic 
influx. 
These cross plots illustrate the applicability of log signatures 
in interpreting the variation in lithofacies. Core or samples are 
available at or near the sites of these examples. The interpretation 
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Figure 5.2. Gamma radiation (GR) plotted versus neutron porosity 
(0N) for the Gulf #1 Hughes well located in SWSW Section 22-9s-29w 
found in the north-central portion of the study area. Points are 
plotted on one-foot increment. Points are identified by lithofacies 
in the legend. Vertical profiles of the GR and 0N signatures are 
shown on the upper portion of the illustration. Normalized GR for 
the one-foot samples from the K-Zone are plotted in the upper left. 
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Figure 5.3. Gamma radiation (GR) in AP! units plotted versus 
neutron porosity (0N) in percent for the Amoco #A-2 Lee well located 
in SWNW Section 4-26s-36w in the southwestern portion of the area of 
study. Points represent readings at one-foot increments over the K-
Zone. The points are identified by lithofacies based on sample 
cuttings and nearby core:log combinations. Mudstone-wackestone is 
in the mid and lower regressive carbonate interval. Note the very 
low GR and relatively high 0N values for the oolitic facies. Verti-
cal distribution of GR-0N is shown on top of illustration with 
vertical scale in feet. Frequency of GR values sampled on a per 
foot basis is expressed as normalized percent for the K-Zone is 
shown as a small plot in the upper portion as well. GR values are 
predominately low values indicative of clean carbonate rock which 
comprise much of the cyclothem at this position on the shel!. 
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of these logs without the rock may be successful, but is not recom-
mended. 
Mapping With Wireline Logs In The K-Zone 
The cyclothems of the Missourian Kansas City Group are readily 
identified on wireline logs and can be subdivided into lithofacies 
components according to the previous discussion. The results desired 
and the time available require that one carefully select what aspects 
are to be mapped. Regional trends and local anomalies of each cyclo-
them are sought for identification and interpretation. A specific 
objective is to define variation in the structural configuration and 
lithofacies distribution during the accumulation of each cyclothem. 
The thinning shown on the composite interval isopach map (Fig. 2.9) 
associated with the CKU is striking, but the question is whether this 
broad structure affected the cyclothems equally. Similarly, the 
interpretation of regional thickening and implied differential sub-
sidence as indicated by the composite isopach can be extended to maps 
of individual Deviation in the pattern on the composite 
map be significant. 
Variables were selected from each cyclothem for mapping to aid 
in interpreting the origin of the cyclic succession and to resolve 
the distribution of favorable trends of reservoir development in the 
regressive carbonate. The resulting maps were used to integrate the 
inf~rmation from both major sources of data in this study: cores and 
-
wireline logs. The patterns and trends resolved from mapping provide 
another perspective for interpreting the stratigraphic framework 
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established by the cores. 
Marine Interval Isopach 
Figure 5.4 is a map of the thickness of that part of the K-Zone 
that extends from the top of the regressive carbonate to the base of 
the cyclothem, i.e., the bottom of the transgressive unit referred to 
here as the marine interval (See Figure 1.4). The thickness of the 
marine shale is generally insignificant in this interval except on 
the northern shelf, where more pronounced influx of terrigenous 
elastics occurred. Hence, most of the interval is composed of the 
regressive carbonate. 
The thickness of the marine interval changes primarily in re-
sponse to sedimentological variation in the regressive carbonate. 
Cores or good samples of cuttings are imperative in order to charac-
terize these changes. These variations have included buildups of 
current-transported and washed carbonate grainstone or buildups of 
carbonate rock resulting from an accumulation of lime mud trapped by 
organisms or simply buildups of lime mud shaped by hydrodynamics 
(Ebanks and Bubb, 1975). Moreover, proliferation of sediment-pro-
ducing and sediment-binding organisms such as phylloid algae resulted 
in the development of biohermal carbonate in the northern 
portion of the study area (Watney, 1980). 
Understanding the occurrence of favorable reservoir rock re-
quires a knowledge of the effects of diagenesis and depositional 
environment. The thickness of the marine interval provides some of 
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Figure 5.4. Thickness of the marine interval of the K-Zone in the 
study area of western Kansas including the top of the regressive 
carbonate to the base of the cycle. Interval of shading is 5-feet 
(1.5 m) while the contour lines highlight only the 20-foot (6.1 m) 
intervals. Black areas represent thicknesses in excess of 65 feet 
(20 m). Selective counties are labeled for reference in text. 
Subcrop of the Mississippian strata surrounding the CKU and CA is 
indicated here by a heavy line. Major faults that offset the Pre-
cambrian basement are illustrated with heavy dashed hatured lines. 
Curved line segments identify trends in thickened marine interval 
described in the text. Counties are abbreviated as follows: WA -
Wallace, WH - Wichita, ST - Stanton, SC - Scott, HS - Haskell, FI 
Finney, HG - Hodgeman, EL - Ellis, ED - Edwards, KW - Kiowa, RC -
Rice, and RN - Reno. 
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the information needed to interpret these conditions. An accumula-
tion of grainstone with primary intergranular porosity can fill a 
pre-existing bathymetric low as described for the Drum Limestone by 
Stone (1979) and not be shown on the map of thickness of the overall 
limestone in which it is included. Local relief and general varia-
tion in thickness of the limestone beneath the grainstone would be 
diminished by the filling of the bathymetric lows. Grainstones also 
have been found on or adjacent to bathymetric highs (small-scale as 
in Figure 52, Watney, 1980; or large-scale as in Figure 11, p. 46, 
Price, 1981), which are subtle and poorly illustrated in this kind of 
thickness map. Porosity and permeability associated with these orig-
inally porous units can be either preserved or later occluded by 
cement. Later this cement or the grains could be leached to form 
secondary porosity. The thickness of the marine interval can provide 
a means of identifying the trends and similar patterns that can be 
used with lithologic information to establish a means to translate 
some of the lithofacies information. 
In Kansas, the best development of reservoir quality rock in the 
Lansing and Kansas City groups occurs in high-energy carbonate fa-
cies. The grain-support provides a relatively rigid architecture or 
network that assists the leaching of grains and mud necessary to 
produce porosity and permeability (Watney, 1980). The recognition of 
grain-rich facies provides encouragement that one will also encounter 
porosity. 
Varying rates of accumulation of carbonate mudstones, however, 
can create local relief. The crest or flanks of the positive areas 
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may later become the site of accumulation of grainstone or be the 
focus of early diagenesis and secondary porosity development, e.g., 
solution of phylloid algal blades and collapse and disruption of 
supporting micrite (Ebanks and Watney, in press). The expression of 
micritic carbonate buildups on such a map as this may also help to 
identify areas with more favorable sites for porosity development. 
Figure 5.4 also provides an important means of describing shelf-
wide changes in the depositional conditions of the carbonate rock. 
Further mapping and description of lithofacies from core then gives 
additional data to complement this interpretation. The regional 
southward thickening observed in the marine interval is in a basin-
ward direction and strongly suggests that subsidence was greater 
toward the Anadarko basin. Sedimentation and early diagenesis also 
vary most significantly from north to south across this shelf area 
spanning in excess of 200 miles (320 km) and suggesting that regional 
relief existed in addition to subsidence. 
More locally, however, the K-Zone marine-interval isopach map in 
southwestern Kansas shows substantial thickening along an arcuate 
trend that is concave to the west. This 20-mile-wide (32 km) belt 
runs 150 miles (241 kll) Wallace County (WA) in the north, south-
east to Wichita (WH) and Scott (SC) counties and then southwest into 
Stanton (ST) County in southwestern Kansas. Another region of thick 
rock occurs as lobate volumes in Haskell (HS) County. An elongate 
(multigray toned on the map) trends west to 
east and northwest to southeast covering portions of Finney (FI), 
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Hodgeman (HO), Edwards (ED), and Kiowa (KW) counties. Another thick 
marine interval in the K-Zone forms a prominent, narrow N-S trending 
lobe in Rice (RC) and Reno (RN) counties. 
Marked regional southward thickening generally occurs south of 
the 35- to 40-foot isopach lines. The 35-foot isopach line extends 
through west-central Kansas around the southern CKU and back north-
ward onto the east side of the CKU. The significance of this re-
gional southern thickening will be discussed later. 
Thickness of Porous Carbonate 
Figure 5.5 shows the thickness of rock exceeding 8 percent 
porosity in the porous regressive carbonate. It more closely approx-
imates the locations of prospective reservoir rock. The 8 percent 
value derived from wireline log interpretation was chosen as the cut-
off porosity above which the pore space is considered to be permeable 
(greater than 0.4 millidarcies), i.e., effective porosity (see Wat-
ney, 1980). This porosity cut-off is a good index of the presence of 
sufficient peraeability with two exceptions: 1) oomoldic carbonate 
rock can be impermeable even when porosity exceeds of 20 percent, and 
2) porosity in fractured carbonate rock is commonly permeable at 
values considerably below 8 percent (Tixier, 1962). Hence the thick-
ness of porous carbonate determined in this way is probably overly 
optimistic if oomoldic porosity is present. Nevertheless, the data 
can be rapidly obtained from porosity logs and can provide useful 
information on prospective trends of porous carbonate to aid in 
determining the genesis of this porosity. 
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Figure 5.5. Thickness of porous carbonate rock in the K-Zone 
regressive carbonate. Shaded interval is 4 feet (1.2 m) which is 
equal to the contour interval. The black area represents thickness 
in excess of 24 feet ( 8 m). Other symbols of map are as described 
in Figure 5.4. Wallace (WA) and Kiowa (KW) counties are identified. 
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The K-Zone porosity map in Figure 5.5 represents the thickness 
of ~ll porous rock in the regressive carbonate. Similar maps of 
porous rock separated into upper and lower intervals of regressive 
carbonate reveal that most porous carbonate rock is restricted to the 
upper portion of the K-Zone. The uppermost interval is typically the 
site of high-energy carbonates facies. 
The thickness of porous carbonate rock in the K-Zone corresponds 
very closely to the thickness of the marine interval over the south-
ern portions of the mapped area. The lobate patterns of porous 
carbonate, generally 10- to 15- mile-wide (16 km to 24 klll), nearly 
coincide with the trends of thicker marine interval across the south-
ern area. A major belt consisting of multilobed occurences of porous 
carbonate rock extends 25 mi. (40 km) to either side of a 180- mile-
long (238 km) line running NW to SE from Wallace County to Kiowa 
County. The northern border of this trend of porous carbonate rock 
closely coincides with the 35-foot isopach line of the marine-inter-
val isopach map. The large area of regionally continuous porous 
carbonate rock in the south is also the area of greater thicknesses 
of the marine interval. 
Another area of thickened porous carbonate rock includes an oval 
mass in southwestern Kansas well south of the northern edge of the 
regional thickening but immediately south of the thinned area identi-
fied earlier as the southwestern positive area. Both areas of thick-
-ened porous carbonate rock coalesce around the eastern side of the 
previously mentioned arc extending from Wallace County to Stanton 
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County surrounding the southwestern thin in Wichita County. Promi-
nent porosity trends are shown in the southeastern and southwestern 
areas of the map and coincide with locations of regionally-thickened 
marine intervals. 
On the northern shelf the relationship between a thick marine 
interval and the development of porosity is not apparent. For exam-
ple, localized areas of a thin marine interval in Rawlins County are 
locations of thickened, grain-supported, high-energy carbonate rocks 
potentially containing favorable porosity (Watney, 1980, Figs. 52 and 
53). 
Thickness of the Regressive Shale 
The regressive shale at the top of the K-Zone cyclothem is 
typically silty, unfossiliferous, and commonly contains structures 
and textures attributed to soil formation (see Tables 4 and 5). In 
addition, it has been shown (Watney, 1980; DuBois, 1979) that the 
unit characteristically thins over paleohighs in northwestern Kansas 
and southwestern Nebraska; this thinning has been interpreted as 
representing paleotopography caused by buildup of the underlying 
marine interval or local structural growth. An isopach map of this 
unit is thus an important tool in recognition of these paleohighs. 
The regressive shale thins dramatically to the south and in many 
areas such as on the CKU and the southern shelf, the unit reaches the 
minimum detection limit of the wireline logs (one to two feet). This 
is also true for regressive shales in the other cyclothems. 
The thickness of the regressive shale of the K-Zone is expressed 
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here as a ratio of the underlying marine interval to the total thick-
ness of the cyclothem (Fig. 5.6). Thus the low-percentage contours 
in the northern study area represent a greater percentage of regres-
sive shale in the cyclothem. The lower percentage contours form a 
broad apron representing thickening of the regressive shale to the 
north. A rather narrow lobe of the regressive shale ranging from 10 
to 20 mi. (16 to 32 km) wide extends around the eastern margin of the 
CA down into Russell County on the northern edge of the CKU. The 
probable source area for the regressive shale is to the north where 
it is thickest. A broader lobe covers much of the upper two tiers of 
counties in northwestern Kansas. The thickness of this shale is less 
than 10 ft (3.0 m) across the southern two-thirds of the mapped area, 
an area with a ratio exceeding 80 percent. 
The ratio exceeds 90 percent over most of the southern third of 
the area of study (see Figure 5.6). The arcuate buildup of the 
isopach and porosity thickness maps in southwestern Kansas is 
also the site of a local ratio in excess of 90 percent marine inter-
val (Fig. 5.4 and Fig. 5.5). The percentage of regressive shale 
iuediately west of the arc abruptly increases to values similar to 
the northwestern area of the shelf even though the entire cyclothem 
remains thin. 
Another region where the marine interval exceeds 90 percent of 
the is over portions of the CKU, an area associated with 
maximum thinning of the composite-interval isopach map of the H-, I-, 
J-, and K-Zones (Fig. 2.9) and the K-Zone marine interval (Fig. 5. 4 ). 
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Figure 5.6. Marine interval percentage of the K-Zone. Low values 
indicate a greater fraction of regressive shale. Contour interval 
is 10 percent. Other symbols of the map are described in Figure 
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An area of pronounced thinning and low percentage of regressive shale 
is in eastern Rush and western Barton counties, coinciding with a 
northwest-southeast trending Precambrian basement horst commonly 
referred to as the Rush rib (Merriam, 1963). Here the Kansas City 
Group locally rests directly on the Precambrian surface. The area 
was perhaps isolated from an influx of terrigenous elastics possibly 
because of its local topographic relief. 
The 90 percent isopach line generally runs from east to west 
coinciding with the northern border of the region of thicker marine 
interval and regionally continuous porous carbonate rock to the 
south. The diminished abundance of the regressive shale south of 
this line in both percentage and actual thickness probably resulted 
from two factors: 1) isolation by distance from a major source of 
elastic terrigenous sediment to the north, and 2) a greater accumu-
lation of carbonate rock to the south. The more locally variable 
buildup of oolitic carbonate rock and perhaps more complex topo-
graphic relief of its surface may have inhibited the southerly pro-
gradation of this thin superjacent shale. 
Influx of siliciclastics from a southerly direction in the K-
Zone is insignificant. The regressive shales in these same cyclo-
thems in southeast Kansas and eastern Oklahoma, however, are much 
thicker and increasingly the dominant members of the succession. 
These regions are closer to the major source of siliciclastics, the 
Ouachita orogenic belt. It was not until the later accumulation of 
the Lansing and Douglas groups that this southeastern source began 
significantly to affect the study area and only then the extreme 
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southeastern portion, east and south of the CKU. 
Maximum Gamma Radiation in the Marine Shale 
Variations in the character of the marine shale provide addi-
tional clues to the origin and development of each cyclothem. The 
depositional setting of this shale is critical to deciphering the 
history of each cyclothem. The characteristics of the shale, were 
perhaps affected by relief of the seafloor and variation in bottom 
water conditions. It has previously been suggested that the areas of 
positive relief controlled the location of high-energy conditions and 
potential reservoir quality rock in overlying regressive carbonate. 
The marine shale of the K-Zone cyclothem is relatively thin across 
most of the shelf area studied with the exception of the extreme 
northern region, where it can exceed a third of the thickness of the 
marine interval. Along these northern reaches the upper portion of 
the gray-green fossiliferous shale appears to grade laterally south-
ward into an argillaceous regressive carbonate that in turn grades 
into a cleaner, micritic lower regressive carbonate. The marine 
shale in general thins rapidly to the south away from an inferred 
source of sediment along the northern margin of the shelf. Coinci-
dent with this facies change, the natural gamma radiation (GR) meas-
ured adjacent to this shale increases southward (Watney, 1979). In 
the north the GR reading of the marine shale is commonly very similar 
to the GR af the regressive shale (Table 14). The gamma ray values 
of the lower portion of the regressive carbonate may be very similar 
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to the intermediate GR intensity of the marine shale. The GR log 
alone can therefore give thicker values of marine shale without 
another log such as a neutron or resistivity log to confirm the 
presence of shale lithology. 
Southward, darker-colored marine shales are more abundant. The 
GR value recorded adjacent to these shales is higher. The GR exceeds 
150 API units in the black shale. Its black color is due to abundant 
organic matter (Evans, 1967; James, 1970). Higher gamma radiation 
associated with these black shales results from the presence of 
uranium (Watney, 1979). 
The natural gamma radiation emitted by this shale is readily 
obtained from wireline logs. This reading provides an indication of 
the concentration of uranium or thorium that apparently is related to 
the abundance of organic matter and apatite (Wood et al, 1974). 
Figure 5.7 depicts the maximum gamma radiation recorded by the gamma 
ray log in the marine shale of the K-Zone cyclothem. The marine 
shales as well as the regressive shales in the northern-most part of 
the study area typically range from 70 to 100 AP! units and are gray 
to green or red-brown. Thicker shale is also more silty, suggesting 
that the source of the gamma radiation in this case has been diluted 
by the influx of terrigenous elastics or that the gamma radiation 
simply represents the background values of potassium-40 and thorium 
incorporated in clay mineral lattices (Watney, 1979). 
The striking feature of this map (Fig. 5.7) is that the gamma 
radiation of this shale varies significantly across the southern and 
central portions of the shelf. The CKU is surrounded by marine shale 
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Figure 5.7. Maximum gamma radiation recorded by the wireline logs 
in the marine shale of the K-Zone. Contour interval is 80 API 
units. Other symbols of the map are as described in Figure 5.4. 
Greeley (GL), Hamilton (HA), and Stanton (ST) counties are identi-
fied. 
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that emits low GR. Local thinning of the marine shale coinciding 
with the crestal areas of the CKU may cause the thickness of the 
shale to fall below the resolution limit of the GR logging tool 
(approx. 2 feet). This would diminish or eliminate the high reading 
even though a black shale may be present. The intensity of the gamma 
radiation, however, is generally such that the hot shale can be 
resolved even at thicknesses as little as 0.3 ft. (9 cm) I-Zone 
marine shale in the #9 Morel, Sec. 15-9S-21W is 0.3 ft. (9 cm) thick 
(in core) and recorded gamma intensity exceeds that of average shale 
by approximately 45 A.P.I. units. Cores confirm the loss of the 
black facies and in soae cases the pinchout of the marine shale over 
the crestal areas of the CKU. The region encompassed by the low GR 
values for the marine shale over the CKU and CA closely coincides 
with thinned regions on the marine interval isopach map of the K-Zone 
(Pig. 5.4) and the H- to K-Zone composite-interval isopach (Fig. 
2.9). The narrow N-S trending structural high along the Pratt anti-
cline (PA) that extends southward off the CKU in Pratt County also 
coincides in Figure 2.12 with a southward protrusion of low GR. The 
thick, porous carbonate rock covering much of the southwestern study 
area also thins onto the west flank of the PA (Fig. 54.5), suggesting 
that this area of the shelf was perhaps a positive area during the 
of the K-Zone. 
In the extreme western edge of Figure 5.7 in Greeley (GL), 
and Stanton (ST) counties, GR values in the marine 
shale are again low (<100 API). The area also corresponds to a 
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thinner marine interval, porous carbonate rock, and present day 
structural high. Although the marine shale is noticeably thinner 
over the CKU, at the other site of the low gamma radiation it is 
thicker in the Greely-Hamilton, Stanton county area. The regressive 
shale is also substantially thicker in this cyclothem at this loca-
tion, parallelling a similar relationship on the northern shelf. 
Either dispersal of organic matter in the marine shale by local 
influx of terrigenous detritus or environment unsuited for accumula-
tion of radioactive material possibly decreased the GR. Moreover, 
higher concentrations of quartz sand in the regressive carbonates is 
associated with a pronounced increase in numbers of significant 
intercalations of bedded shale (see #1 Beirig cross plot and well 
log, Fig. 5.3). The eastern limit of this reduced GR region also 
coincides with the western concave portions of the arcuate trend of 
buildups on the marine interval (Figs. 5.7, 5.4) and the thickness of 
porous carbonate (Fig. 5.5) in the K-Zone. These relationships 
strongly imply that this area was a positive site on the shelf during 
the deposition of this cyclothem. Terrigenous elastics originating 
the Ci11111aron arch to the west may account for the abundance of 
shale and the increase of silt and the low gamma radiation of the 
marine shale. Yet, the rimming buildups of carbonate rock suggest a 
positive shelf setting as well. Structurally, the area is perhaps an 
eastward extension of the arch. 
In g~neral, there is a remarkable coincidence of the GR map and 
the isopach The CA, CKU, PA, southwestern positive area, and 
northwest shelf are locations where the GR values are less than 150 
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API units. Even the present-day structural saddle separating the CA 
and CKU is apparent on this map as a narrow band of higher gamma 
radiation. Detailed mapping with all available data on the scale of 
townships or counties should reveal additional, local variation in GR 
of these shales. This information may assist in substantiating the 
existence of paleorelief and potentially, the site of favorable 
reservoir development. Such interpretations should be substantiated 
with the other stratigraphic maps and samples of the rock. 
Variation in the GR recorded in the marine shale across the 
shelf may be controlled by bathymetry. Depth and configuration of 
the seafloor may have had a substantial effect on the degree, fre-
quency, and duration of bottom stagnation and hence the maximum GR 
recorded in the marine shale. The area of reduced GR on the CKU is 
also represented by thinning on the marine-interval isopach map. The 
thinning amounts to only 20 feet (6 m) across the positive region of 
the CKU. This thinning is probably the minimum relief of the sea-
floor during the time of accumulation of this shale. The upper 
surface of a bottom anoxic water layer may have fluctuated at least 
by this much. Accumulation of organic material may have been dimin-
ished by periodic oxidation over the positive areas that were sit-
uated above the anoxic layer. The uranium associated 
with the organic matter perhaps was released when portions of the 
organic matter were lost on these more positive areas during more 
extended periods of intermittent oxygenated conditions or perhaps 
physically transported off these areas by deeply penetrating storm-
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generated currents. This mobilized uranium could then accumulate 
elsewhere in the more anoxic pools. Local enrichment may have re-
sulted from such flux and perhaps was controlled by water currents. 
K-Zone Contribution to the 
Combined H to K Interval 
Figure 5.8 depicts the percentage thickness of the K-Zone in the 
total thickness of cyclothems, H, I, J, and K. The proportion of the 
K-Zone is around 25 percent. The areas of deviation imply some form 
of compensating relationship between, for example, sites of excep-
tional buildups in one cyclothem and later thinning of another. Note 
that the K-Zone comprises in excess of 35 percent of the entire 
thickness of the interval around the arc surrounding 
the southwestern positive area. These high percentages are also 
observed in south-central Kansas in Kiowa County and along the N-S 
trend in the southeastern region of Rice and Reno counties. These 
high values also coincide with thicker intervals of porous regressive 
carbonate. The arc-shaped buildup extending Wallace to Stanton 
counties was an exceptional buildup. Relief on this feature may have 
persisted well into the deposition of the succeeding cyclothem. Why 
it developed can be answered more definitively by considering the map 
along with the information from the study of the rocks themselves. 
Su11JBary of K-Zone Maps 
Corresponding patterns and relationships found in the maps were 
used to define subdivisions of uplift and subsidence over the area of 
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Figure 5.8. Percentage thickness of the K-Zone in the entire four-
zone interval, H to K. Shaded interval is 5 percent while the 
contour interval is 10 percent. Small arrows in the southwestern 
mapped area indicate the location of relatively thin K-Zone, while 
the bold arrows in the south highlight the regions of relatively 
thick K-Zone. Other symbols of the map are described in Figure 5.4. 
Wal lace (WA), Wichita (WH). Stanton (ST). Kiowa (KW), Reno (RN), and 
Rice (RC) counties are identified. 
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study (Fig. 5.9). Simple thinning of the marine-interval isopach map 
suggests a positive location, while thickening implies defferential 
subsidence of that region. Besides the marine-interval isopach map, 
other maps provide attributes that assisted in dividing the shelf 
into these different settings (Table 15). 
The subdivisions also identify areas that were similar in depos-
itional and diagenetic setting during the accumulation of the K-Zone 
cyclothem as suggested by the examination of rock samples. The three 
basic subdivisions of the shelf include: 1) shelf areas that under-
went broad, gentle subsidence during the time that the K-Zone accumu-
lated, 2) positive areas that subsided less rapidly than the shelf 
areas, and 3) areas of flexure that underwent greater subsidence and 
tilting. In particular, the areas of uplift include the CKU-CA and 
southwestern positive area. Areas of subsidence encompass the south-
ern shelf area. These features on the shelf are best depicted with 
the aid of the marine-interval isopach of the K-Zone illustrated 
here as the lower polygonal net surface of the perspective diagram in 
Figure 5.9. The subdivisions are outlined both on the surface of the 
net and on the top face of this diagram. 
The recognition of these relationships between and the 
subdivisions aids in interpreting the core data from the K-Zone. 
Integration of both data provides an improved understanding of the 
trends and patterns of depositional facies in the carbonate rock. 
Definition of trends of prospective reservoirs is also enhanced by 
this approach. 
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Table 15. Map Attributes Used To Identify Shelf Setting. 
A. Top H to base of K-Zone interval isopach: broad thins and 
thicks that closely coincide with the thickness of the marine inter-
val of the K-Zone indicating regional uplift or subsidence on the 
shelf. 
B. Structure contour and 3rd-order trend surface residual con-
tour map of top of K-Zone: locates present day positive areas 
(higher elevations and positive residuals) some of which closely 
match other thins confirming continued development of some 
structural elements, e.g., CA, CKU, southwest Kansas positive area. 
For CKU, note particularly the development of the Rush rib during 
the accumulation of the K-Zone. 
C. Thickness of porous carbonate in the K-Zone regressive 
carbonate: thicker porous intervals are contained south of the 
flexure on the shelf defined by the marine-interval isopach map 
crossing the southern area of study and rimming the southwestern 
Kansas positive area (thin surrounded by thick intervals of porous 
carbonate): upper shelf and CA-CKU are similar in appearance on this 
map--both have restricted occurrence of regionally continuous 
porosity; distribution of porous carbonate on the northern shelf is 
thin and erratic at this scale and density of controls points (1 per 
12 square miles). 
E. Percentage of marine interval in the K-Zone: northern shelf 
and southwest are areas that were significantly affected by influx 
of terrigenous elastics (lower percentage values equaling greater 
proportion of regressive shale); 90% line closely coincides with the 
northern limit of the flexure on the shelf (i.e., thickening is 
primarily due to the marine interval); southern positive area of 
Pratt anticline (PA) and CKU are locations with a higher percentage 
of this ratio indicating the greater abundance of the marine inter-
val (primarily regressive carbonate) due to the isolation from 
influx of elastics from the north because of distance and probably 
local topographic relief as previously described. 
F. Maximum GR of marine shale: areas of low GR closely coin-
cide with previously defined positive areas (PA, CKU, CA, south-
western positive area) and broad northerly area of influx of terri-
genous elastics (northwestern study area). 
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Distribution of Oolite in the K-Zone 
Using Logs and Core 
Plate 1 displays the facies identified in cores of the K-Zone 
cyclothem. Figure 5.10 graphically summarizes the cored intervals of 
selected wells from the K-Zone using the shelf setting identified in 
Plate 1. The total thickness of the K-Zone cyclothem is indicated by 
the length of the graphic column of the cored portion plus the inter-
val marked no core recovery. 
The upper regressive carbonate is invariably composed of shal-
low-water facies that are quite variable in texture and faunal com-
position. Restricted shallow-water facies occupy greater portions of 
the cyclothem in southern Nebraska and over the CA and CKU. More 
than half of the vertical succession of carbonate from these areas 
are intertidal and supratidal low- and high-energy deposits. More-
over, the #3 Denker core located on the southern portion of the CKU 
and the #4 Litsey core located on the eastern flank of the Pratt 
anticline shown in Plate 1 illustrate that even at these southern 
locations, the local setting offered an opportunity for significant 
periods of of restricted-marine, shallow-water carbon-
ate. Both locations were apparently influenced by the higher eleva-
tions associated with these uplifts. Log-derived maps assist in the 
resolution of these depositional sequences and identification of 
potential reservoirs. 
The uppermost portion of the regressive carbonate in the K-Zone 
Figure 5.9. Perspective diagram of the thickness of the marine 
interval mapped in Figure 5.4 as observed looking down on the study 
area toward the southwest. Northern border is Kansas-Nebraska bor-
der and the western border is the Kansas-Colorado border. The 
surface above the plot contains outlines of the various structural 
subdivions of the western Kansas shelf during the Missourian. These 
lines are also identified on the lower plot. Division of the shelf 
















Figure 5.10. Perspective view of the mapped area in western Kansas 
annotated with structural subdivisions of shelf looking toward the 
southwest. Projecting above the surface are selected graphic core 
facies interpretations for the K-Zone. Total thickness of the zone 
is shown including the uncared interval when necessary. Solid bar 
along each column shows location and thickness of the regressive 
carbonate interval. Illustration complements Figure 5.9. 
LEGEND 
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[I] Regressive carbonate Interval 
§ Contlnental-lagoonal terrigenous elastic 
mm Mlcritic, restricted shallow wtr. r.arbonate 
C] Grainst-packstone, restricted 
Grainst-packstone, open marine 
Subtldal, quiet wtr., shale and carbonate 
Oolite 
C8J No core recovery 
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of the #4 Litsey and #E-2 Thompson cores is thick oolitic grainstone. 
The lithologies and interpretation of depositional environments of 
the K-Zone are illustrated with traces of selected wireline logs in 
Figures 5.12 and 5.13. A contrasting K-Zone, the #2-D Stegman and 
#506-W Dorr cores and logs, is also illustrated. The locations of 
these wells are shown in Figure 5.11. The wells are situated on the 
flanks of the positive area of the Pratt anticline and out on the 
southwestern shelf, respectively. This distinctive shoal-water fa-
cies is pervasive around the southern portions of the uplift and over 
the southern mapped area. The deposition of the oolite required 
persistent tidal action in shallow water. Essentially all of the 
porous carbonate in the southern mapped area that exceeds 10 feet (3 
m) in thickness is similarly oolitic, according to both sample data 
and limited core control. This facies is generally oomoldic which 
accounts for the typical high porosity readings for the logs. The 
combination of gamma ray and porosity logs is adequate to identify 
this oolitic facies. The oolitic zone is typically recognized by its 
low value, block-shaped gallllla ray trace and very high porosity (gen-
erally greater than 15 percent) (Figs. 5.12 and 5.13). 
Unlike the extensive development of oolitic grainstone across 
the southern shelf, the occurrences of porosity in the northern 
region do not necessarily follow thicker trends of the marine inter-
val (Fig. 5.4). Cores obtained from the northern shelf indicate that 
porosity is primarily associated with grain-supported carbonate in-
tervals; but most of these carbonate grains were affected by only 
minor and infrequent transportation. These grains are generally only 
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Figure 5.11. Index map locating core-log examples illustrated in 
Figures 5.12 and 5.13. Black= oil. 
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Figure 5.12 and 5.13. Combined wireline logs and core descriptions 
of the K-Zone for five wells in the study area. Gamma ray (GR), 
porosity(~) from sonic, neutron, and density ( P) logs are shown. 
Sonic and density porosity is determined for a limestone matrix. 
Lithologic symbols described previously in Appendix D. "X" in 
graphic core column represents no core. The despositional environ-
ment for specific intervals of core are indicated in the right-most 
block. The vertical line segments lie beneath one- and two-letter 
codes defined as follows: NM - nonmarine; VR - very restricted 
(unfossiliferous to low diversity fauna); R - restricted; SR -
slightly restricted (mixed fossil assemblage, but not all normal 
fauna present or abundant; 0 - open marine; SM - stagnant, anoxic 
marine (black marine shale). Certain features about the rock are 
mentioned in the right margin including: fen. lam. - fenestral 
laminated mudstone. Results of drill stem (DST) or production tests 
are written below the core description including Pf - perforated; F 
- flowed; R - recovered; FP - flowing pressure; O - oil; GCM - gas 
cut mud. Depths are in feet below the surface. Productive zones 
are abbreviated in the title: ABC - Arbuckle; KC - Kansas City; MISS 
- Mississippian; SP - Simpson; MARM - Marmaton; CHER - Cherokee; MOR 
- Morrow. In well (C), #E-2 Thompson, the oolite contains an upper 
portion that is more porous than the bottom. The information at the 
bottom of that illustration indicates that water saturation (SW) in 
this oolite is 28 % and 37 % for the upper and lower intervals using 
the resisitivity logs and the Archie equation with water resistivity 
(Rw) of 0.05 ohm-m and a cementation exponent (m) of 2. The inter-
val in fact was capable of producing hydrocarbon at the time the 
interval was logged. 
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poorly sorted, heavily micritized, and have few if any concentric 
oolitic laminations. The thick rims of these grains 
probably resulted from sitting on the ocean floor for long intervals 
while being attacked by endolithic organisms, such as blue-green 
algae. Sustained tidal action, which was necessary to keep grains 
moving and promote the formation of oolite during late regression, 
was limited on the northern shelf. A broad platform with a low 
paleoslope on the northern shelf dampened most current action. Pro-
minent paleohighs and many sites of pronounced thinning, some of 
which are coincident with present-day structural anomalies, were 
locations of the formation of oolite on the northern shelf. Oolite 
formed locally along the Jennings anticline on the western edge of 
the CA crossing several townships in Sheridan and Decatur counties, 
Kansas (Brown, 1983). Storms and periods of strong wind probably 
accounted for most washing and removal of lime mud in many of these 
shoal-water accumulations without significant transportation of larg-
er particles. 
To the south a steeper slope of the shelf is suggested by the 
marine-interval isopach map (Fig. 5.4) and supported by the other 
maps and core information. The northern edge of the thickening to 
the south is abrupt and is interpreted as an increase in slope 
which crossed west to east over western Kansas. Waves may have 
broken along the shallowing of the shelf and current action may have 
been greater here also during later regression. This interpreted 
increase in slope or flexure is also the northern-most limit of the 
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extensive tract of oolitic grainstone. It is probable that the 
development of the oolitic grainstone is closely related to the 
presence of this zone of flexure and those areas to the south with 
greater slopes than to the north. Conversely, the lack of develop-
ment of oolite is related to lower slopes. 
The southwestern positive area was flanked by a rim of strik-
ingly thick oolitic grainstones. These accumulations are interpreted 
to have formed on an even more abrupt change in depositional slope at 
a location where wind and current energy were focused on the sea 
floor during late regression. The slope here is judged to have been 
greater because of greater rates of thickening of other evidence of a 
positive location on the shelf. This would be a very favorable site 
for accumulation of oolites because it is also near the southern 
margin of the shelf near the more turbulent open water. A prominent 
band of oolite shoals runs NW-SE into Kiowa County (trend of thick 
porous rock, Figure 5.5). It is perhaps no coincidence that the 
prolific Lemon Ranch field, located in Comanche County, is on trend 
with this of porosity. This reservoir flanks what was a 
positive shelf area along the PA. Today the Lemon Ranch field is 
located on the axis of a southwesterly plunging structural nose. The 
pinchout of porosity on the northeast end of the field forms the 
updip seal for the oil accumulation in the K-Zone. Similar develop-
ment of thick reservoirs would be expected to occur northwest along 
this trend. The lack of effective porosity is the problem 
associated with these oolitic zones. Local paleohighs along this 
trend would perhaps provide opportunities for more extended fresh-
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water diagenesis and secondary leaching and fracturing which might 
enhance the quality of the reservoir such as at Lemon Ranch field. 
Figure 5.14 is a more detailed, hand-contoured version of the 
thickness of porous regressive carbonate of the K-Zone. All data 
points were plotted and contoured including an area along and south 
of the W-NW trending shelf flexure as interpreted from the thickness 
of the marine interval. The objective of manual contouring was to 
emphasize trends possibly not recognized by the computer contouring. 
The trends of thick, porous carbonate surrounding the south-
western Kansas positive element are also apparent on this hand-
contoured map. A strong northwest to southeast trend extends from 
Wichita County to Kiowa County. Smaller areas of porous carbonate, 
some lobate in fora, within this latter trend in township 15S and 
ranges 36 to 40W and township 19S and ranges 33W to 37W are oriented 
northeast-southwest. The thickest lobes range from 20 feet (6 m) to 
64 feet (19 a) in thickness. The maximum observed buildup of porous 
oolite lies immediately south (basinward) of the southwestern posi-
tive area in Stanton County previously mentioned as a optimum site 
for the formation and accumulation of oolite. 
In Wichita County the lobe of porous carbonate rock tapers off 
substantially to the northwest. Between townships 11S to 14S and 
range 40W to 42W the southerly dip on the shelf may have been re-
versed on approach to the southwestern Kansas positive area. The 
elongate lobe of porous carbonate (oolite) probably prograded rtorth-
westward into this area from the thickest buildup in township 15S and 
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Figure 5.14. Hand-contoured map of the thickness of porous carbon-
ate rock of the K-Zone in the study area of western Kansas. Compare 
with the computer-generated version in Figure 5.5. This map more 
clearly shows the elongate lobes formed by the porous carbonate 
rock. In particular the thick (greater than 5 feet) occurrences are 
interpreted from available cores, selected cutting, and log signa-















range 36W to 39W. 
Lobes of porous carbonate form finger-like projections from the 
area of regionally continuous porosity. These lobes range in size 
from 30 miles (48 km) long and 5 to 10 miles (8 to 16 km) wide to 
probably less than 3 miles (4.8 km) in length or width which is less 
than spacing between data points. The lobes resemble large oolite 
banks similar to the spillover lobes developing today in the Bahamas. 
Some of these Pennsylvanian examples though are up to five times as 
large as the largest modern example from the Bahamas. This large-
scale progradation of oolite resembles that of the Pleistocene Miami 
Oolite that covers much of extreme southeastern Florida (Multer, 
1977). In the modern setting oolite develops near the platform edge 
facing the open ocean. Perhaps in a similar way the break in paleo-
slope that developed during the accumulation of the K-Zone (Swope 
unit) aay have became the locus of ooid development during shallow-
water conditions. Storm surges were probably dominant forces in 
moving the ooids northward beyond the flexure to form these large, 
finger-like lobes that reseable modern ooid spillover lobes (Ball, 
1976). An oblique photograph of Joulters Key in the northeastern 
Bahamas (Fig. 5.15, from Harris, 1979 and Multer, 1977) helps to 
provide a perspective of the environmental setting thought to have 
existed during accumulation of these ooid facies in the Late Pennsyl-
vanian. 
The complicating factor in the Pennsylvanian example is the 
length of time required to deposit this oolite. Using the total 
duration of the average cyclothem as 400,000 years, perhaps only the 
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Figure 5.15. Oblique aerial photograph of the east side of 
Joulters Cays looking northwest. Oolite formed along the mobile 
sand belt south of Bis moved by storms through tidal channels into 
the interior of the platform as spillover lobes. With time the 
lobes coalesce to form sand sheets commonly mixed with mud as these 
sediments are bioturbed. Large active spillover lobes are composed 
of cross-bedded sets of well-washed oolite. From Multer (1977). 
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last 5 percent or 20,000 years of the cyclothem was the length of 
time that shoal conditions occupied this part of the shelf. This is 
comparable in time to the duration of the Pleistocene age Miami 
Oolite. The oolite-dominated shoreline probably initially developed 
and aggraded along the northern hinge or flexure and then migrated 
southward to other local, positive areas on the shelf. This deposit 
then prograded seaward (south) through time as sea level continued to 
fall, during which times other breaks in slope and topographic highs 
became sites of ooid formation. The resulting distribution of facies 
then probably represents an imbricate offlapping set of ooid shoals, 
reaching southward toward the rim of the Anadarko basin. 
Summary of Depositional Conditions 
During Accumulation of the K-Zone 
The block diagrams in Figures 5.16 and 5.17 summarize the dis-
tribution of depositional environments on the western Kansas shelf 
during two time periods of the K-Zone (Swope Limestone). These 
results are based on the integration of maps and core data. Figure 
4.16 is a block diagram of the area for mid-regression during deposi-
tion of the mid-portion of the regressive carbonate. Accumulation of 
the unit in subtidal, clear water was dominant except for possibly 
locally emergent conditions on the Cambridge arch, Central Kansas 
uplift, and possibly on the southwestern Kansas positive area. Deep-
er water pr~bably existed to the south, where accumulation of the 
darker, lower portion of the regressive carbonate facies continued 
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Figure 5.16. Block diagram of the western Kansas shelf in the 
vicinity of the study area during the deposition of the mid-portion 
of the K-Zone regressive carbonate. Gross facies patterns are 
indicated. North is toward the upper left. Shallow to emergent 
portion of the shelf are located over the CKU, CA, and the western 
edge of the southwestern positive area. 
Mid-Regression 
K-Zone 
Shallow water to emergent 
carbonate platform 
II:@! Carbonate buildup 
D Subtidal to low energy intertidal 
Deeper water, subtidal 
w 
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Figure 5.17. Block diagram of the western Kansas shelf in the 
vicinity of the study area near the end of deposition of the K-Zone 
during late regression. Emergent areas included the northern shelf 
with carbonate-dominated terrane over the CKU and CA and terrigenous 
elastics to either side. Oolitic facies reside in the area of the 
Hugoton shelf flexure (Fig. 5.9). The southwestern positive area is 
an emergent region of the shelf composed of mixed carbonate-terrige-
nous elastics bordering the Hugoton shelf flexure on the west (Fig. 
5.9). This area perhaps is an extension of the Cimmaron arch. 
Symbols only refer to upper surface of block diagram. 
[/(] lnterooid bank 
B Oolite bank 
D Tidal flats 
Late Regression 
K-Zone 
(;=~=~~=} Exposed terrigenous elastics 
Q Exposed carbonate terrain 




(Table 8). Across the central-western and northwestern shelf areas 
bathymetric highs were locally above wave base resulting in restrict-
ed-fauna, micritic successions and high-energy shoals such as over 
Cahoj field in Rawlins County (Watney, 1980). 
During late regression (Fig. 5.17) with the onset of the accum-
ulation of oolite facies under shoreline conditions on the southern 
shelf, the northern shelf was already or soon to be subaerially 
exposed. Terrigenous elastics prograded southward across northwest-
ern and west-central Kansas. Interspersed among this prograding 
elastic debris were sites of emergent carbonate terrane still exposed 
to subaerial weathering. The complex topographic surface of the 
oolite tract perhaps blocked the·southward advance of terrigenous 
elastics. 
Figure 5.18 is a diagrammatic south-to-north cross section de-
picting the K-Zone across western Kansas spanning some 200 miles (322 
km). The relief is exaggerated, and the relative abundances of 
facies represent a combination of core and wireline-log interpreta-
tions. Lithofacies were deposited during the K-Zone on a southerly 
sloping shelf. The transgression apparently occurred rapidly. Many 
of the cored, basal portions of the transgressive deposits provide 
evidence of high-energy conditions during this transgression. Nev-
ertheless, transgression appears to have caused little reworking or 
erosion of the underlying deposit except on the extreme northern 
shelf. Here local areas with coarser terrigenous elastics apparently 
supplied by reworking of the underlying regressive shale or 
influx of elastics the shelf produced transgressive, coarsening-
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Figure 5.18. Diagrammatic north to south lithofacies cross section 
of the K-Zone cyclothem in the study area in western Kansas. Thin 
transgressive (trans) portion of the cyclothem below the marine 
shale covers the entire area. Dark grey to black marine shale 
extensively developed over the southern shelf grades into thicker 
non-black shale in the north. Local thinning and pinchout of marine 
shale over the CKU is not illustrated. This shale thickens at the 
expense of the lower regressive carbonate in the extreme northern 
area of investigation (southern Nebraska and northern-most Kansas). 
Dark, silty lowermost regressive carbonate on southern shelf with 
medium-level gamma radiation is inferred to be restricted to lows 
although it was not mapped separately. Uppermost regressive carbon-
ate is exposed across the entire shelf, while the northernmost 
portion is noticeably eroded as indicated by the local channeling. 
Regressive shale prograded unto the carbonate-dominated shelf from a 
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upward sandy successions (sometimes oil productive, e.g., J-Zone in 
Cheyenne County). 
The marine shale is thin but exceptionally widespread over most 
of the shelf. It becomes noticeably thicker near the source of 
terrigenous elastics in northwestern Kansas and southwestern Nebraska 
and loses the black shale facies. The regressive carbonate contains 
the lower, darker argillaceous facies in southern Kansas in an area 
beyond the initial flexure of the shelf. This facies is probably 
equivalent to the very lowermost micritic regressive carbonate on the 
northern shelf. While open-marine, subtidal, clear, oxygenated wa-
ters were present on the northern shelf, the bottom water in the 
south perhaps was episodically depleted in oxygen. 
During late regression sea level fall accelerated and produced a 
relatively thin accumulation of widespread sheets of intertidal, 
restricted deposits interspersed with high-energy facies. More fre-
quent agitation along a more steeply-dipping southern shelf resulted 
in the formation of ooid grainstone. Storms pushed these deposits 
northward of the zone of flexure on the shelf. The northern-most 
ooid lobes are perhaps relicts of these very short-term storms. With 
continued fall of sea level, the carbonate sediment was cemented 
early, insuring preservation of these geomorphic features. 
In Figure 5.19 a hypothetical north-south cross section is used 
to estiaate the amount of sea level change required to expose the 
entire shelf to subaerial processes. The width of the shelf in 
Kansas alone is 200 miles. The K-Zone regressive carbonate extends 
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Figure 5.19. Hypothetical north-south cross section across the 
area of study in western Kansas used to illustrate the determination 
of minimum paleoslope to the south into the Anadarko basin. The 
minimum estimate of slope is determined from the average rate of 
thickening of the composite four-zone interval (0.5 feet per mile or 
0.95 m per km). Actual dip must have been greater because the 
distribution of these sediments would be expected to more likely a 
veneer covering the shelf as sea level changed because sediment did 
not have the opportunity to prograde and aggrade to sea level to 
form a wedge of these dimensions. Entire shelf was subaerially 
exposed requiring that the change in sea level was at least equal to 
the relief across the shelf less the aggraded thickness of the 
sediment added during the accumulation of the zone. 
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southward for at least 30 miles (50 km) into Oklahoma and northward 
at least 75 miles (120 km) into central Nebraska. Moreover, Heckel 
(1980) suggested that these same Missourian carbonate rocks can be 
correlated to the Dakotas resulting in possibly several hundred miles 
more of continous deposition. More conservatively, however, at least 
300 miles (480 km) of southerly-dipping shelf was probably associated 
with the area of study. 
Paleodip may have been quite complex across this area, as is 
suggested by the mapping (Figs. 5.4 and 5.5). Certainly it was not a 
simple ramp. The minimum estimated paleoslope of 0.5 ft/mi. (1.0 
m/km) is suggested from regional southward thickening. This value is 
the same as that previously suggested by numerous authors for epeiric 
seas (e.g., Irwin, 1965). For 300 miles (480 km) of shelf this gives 
a value of 150 feet (46 m) of relief, less the aggraded thickness of 
the cyclothem from north to south of around 30 feet (9 m). This 
results in a minimum change in sea level of 120 feet (37 m). Con-
sideration of additional breadth of the K-Zone accumulation onto the 
upper shelf and perhaps greater water depths associated with the 
accumulation of the marine shale makes this a minimum value. The 
rough estimate of relief on the shelf from the interval isopach alone 
is inherently quite conservative if sea level did in fact fall and 
the shoreline moved back and forth across the shelf depositing a 
veneer of diachronous sedimentary strata. These aspects are all 
supported-by the information presented here. 
Figure 5.20 is a hypothetical north-south chronostratigraphic 
cross section of the K-Zone illustrating the estimated time rela-
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Figure 5.20. North-south chronostratigraphic cross section across 
the study area in western Kansas. Horizontal axis is distance, 
approximately 200 miles (124 km). Vertical axis is time which is 
estimated to be approximately 400,000 years for top to bottom of the 
cycle. Central portion of cross section illustrates the effects 
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tionships between the lithofacies comprising the K-Zone. 
Structural Implications of Mapping in the K-Zone 
Subtle paleostructures on the shelf present during the accumu-
lation of the K-Zone coincide closely with earlier, prominent struc-
tures. Also areas such as the zone of flexure are less pronounced 
and without obvious earlier structural activity. The bending of the 
shelf suggested by this flexure may have been produced by the tec-
tonic stress created by the adjacent rapidly subsiding Anadarko 
basin. The location and trend of the flexure perhaps is related to 
the structural grain of the Precambrian surface west of the CKU as 
described earlier in the tectonics section. The lobes of thick, 
porous carbonate rock of the K-Zone (Fig. 5.5), for example, coincide 
with the northwesterly trends of magnetic intensity (Fig. 2.18) 
across southwest Kansas. The southwestern positive area as defined 
by this same mapping was also an area of curved-shaped, but poorly 
defined patterns on the pole correction map of the magnetic field 
(Fig. 2.18). As this portion of the shelf was stressed, basement 
discontinuities suggested by the patterns on the magnetic anomaly map 
may have been reactivated according to the location, relative weak-
ness, and the orientation in relation to the dominant stress field. 
This adjustment of the basement apparently had a profound effect on 
the of the K-Zone. 
Strong magnetic lineations running northeast-southwest in the 
vicinity of the Pratt anticline, Sedgwick basin, and southern CKU 
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were interpreted earlier to have been derived from shallow basement 
discontinuities, very likely faulting and basaltic intrusives asso-
ciated with the CNARS (Yarger, 1983, Figure 2.21). Notice a strong 
north or northeasterly grain in all the maps shown for the K-Zone in 
this southeastern region. Furthermore, structural trends of younger 
strata are coincident with these basement trends. The northeast-
southwest trend represents the areally restricted, elongate CNARS. 
This feature cuts the trend of the older Precambrian terrane almost 
at right angles. The interference of these cross-trending basement 
features is particularly noticeable in the vicinity of the southern 
CKU and Pratt Anticline. This younger, apparently structurally weak-
er basement trend perhaps was a dominant control in defining the 
southern margin of the CKU, the location of the Pratt anticline, and 
the parallel anticlines in that area, e.g., Voshell and Halsted-
Graber. It is in this area that the patterns seen on the maps of the 
K-Zone are significantly different from those that occur to the west. 
The zone of flexure follows a northeast-southwest trend in this area 
of the map. An important question is how this pattern of subsidence 
and uplift that controlled the accumulation of the K-Zone was main-
tained or modified during the accumulation of the succeeding cyclo-
thems. The positive elements may represent passive features that 
were simply draped by sediment, or they may have been structurally 
active. The coincidence of mapped features thus far indicates the 
long-term existence of the structural features that may have been 
relicts from more active tectonic periods. The comparison with the 
J-, 1-, and H-zones will examine changes in the structural configura-
328 
tion of the shelf, if any, over a much shorter time frame. Moreover, 
the comparison will further examine the relationship of basement 
terrane and the patterns and trends on the zone maps. The persis-
tence of local or subregional structures on the shelf and additional 
comparison with the core and wireline log information may provide an 
important means of understanding the nature of cyclic sedimentation. 
Furthermore, combined use of available subsurface information on the 
zone displayed in map form and the magnetic maps may permit better 
extrapolation of thickness, lithofacies, or favorable reservoir de-




USE OF CORES AND WIRELINE LOGS TO SUMMARIZE 
CHANGES BETWEEN CYCLOTHEMS 
Trend-surface modeling of the thickness of the marine interval 
of four is used to summarize the changes in lithofacies 
between these cyclothems. While the J- and K-Zones represent times 
of extensive oolite accumulation on the southern shelf, the younger 
I- and H-Zones are notably different. In distinct contrast, oolite 
development in the I-Zone is limited to the extreme southwestern 
portion of the study area. The H-Zone represents widespread accumu-
lation of low-energy carbonate mudbanks with only local high energy 
grainstone. 
Polynomial trend surfaces were computed for the marine interval 
thicknesses of each cyclothem to facilitate comparison between the 
cyclothems. The isopach was selected because it best 
depicts changes in the cyclothems due to the structural setting of 
the shelf and more local variations in deposition. The computations 
are described in Appendix B. The trend model accepted here repre-
sents the best statistical fit using the lowest order trend surface. 
The trend ~urface itself provides the broad regional patterns that 
facilitate comparison of each cyclothem, while a map of the residuals 
reveals important local anomalies. Figure 6.1 is plot of the statis-
tical goodness of fit in percent versus the order of the polynomial 
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Figure 6.1. Plot of the statistical goodness of fit of various 
orders of trend surfaces from 1st to 5th order for the thickness of 
the marine interval for the H-, I-, J-, and K-Zones. The goodness 
of fit is defined as the ratio of the sum of squares due to regres-
sion to the total sum of squares. The result is expressed here in 
percent. The 1st- and 2nd-order fits are less than 40% for the H-
Zone. The 4th- and 5th-order trend surfaces of the marine interval 
of the K-Zone are somewhat poorer fit to the original data than the 
I- and J-Zones. The marine interval of the H-Zone is least well fit 
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surface that was fitted to the marine interval for each zone. The H-
Zone demonstrates a relatively poor fit of the lower-order trend 
surfaces as well as a weaker increase in fit with increasing order. 
While goodness of fit exceeds 50 percent for the other cyclothems for 
all orders of the trend, goodness of fit values are all less than 50 
percent for the trend surfaces less than 5th-order for the H-Zone. 
The surface created by the marine interval thickness of the K-Zone is 
more complex than the others, and consequently the low- order polyno-
mials do not provide adequate variability to result in a good fit. 
Figure 6.2 is plot of the skewness of the frequency distribution of 
the residuals versus the order of the trend surface polynomial. A 
positive skewness describes an asymetrical plot of the frequency of 
residuals that has more positive deviations than negative. In order 
to optimize the statisical fit, one would also attempt to minimize 
this skewness. The information, however, provided by skewness has 
geological significance and is not minimized during optimization of 
the statistics. The frequency distribution of the residuals for all 
trend surfaces up to 5th-order of both the K- and H-Zones are posi-
tively skewed. This will be discussed later. 
The fourth-order trend surface of each thickness of the marine 
interval was chosen to make the comparisons. The fourth-order fit 
represents the highest order that provides a substantial improvement 
from the next lower-order surface (Fig. 6.1). At increasingly high 
orders the additional fit is small and results from the fitting of 
the trend surface to local features. The fourth-order repre-
sents, in essence, a compromise between geological significance and 
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Figure 6.2. Plot of the skewness of the frequency distribution of 
the trend surface residuals of the marine intervals of the H-, r-, 
J-, and K-Zones versus the order of the trend surfaces. The skew-
ness is reduced appreciably for the I- and J-Zones while the K-Zone 
shows an increase in skewness. 
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the statistical fit. The major pattern present on each of these maps 
is a thinning associated with the CKU. Limitations in the complexity 
of the lower-order polynomial surface emphasizes the effect of this 
major structural feature. The approach is similar to that used by 
Wermund and Jenkins (1970) to interpret Pennsylvanian sandstones in 
north-central Texas. 
K-Zone 
The fourth-order trend surface contour map of the K-Zone and the 
corresponding map of the residuals are shown in Figures 6.3 and 6.4. 
These maps of the K-Zone were previously shown (Figs. 5.4 through 
5.8). The discussion of the K-Zone here is confined to the trend 
surface mapping to facilitate the comparison with the other zones. 
The map of the original surface (Fig. 5.4) is much like the trend 
surface map in Figure 6.3. Nevertheless, the recognition of broad 
patterns that facilitate comparison of maps is best observed using 
the trend surface. Thinning is pronounced over the CKU. The flexure 
zone is located along the 35-foot (10 m) trend contour line. 0olite 
development was south of this line. The map of the residuals in 
Figure 6.4 reveals an irregularly shaped positive anomaly in the 
southwest, south of the arcuate buildup of porous oolitic grainstone 
that surrounds the southwest Kansas structurally positive area which 
was active during deposition of the K-Zone. The area flanking this 
structure: a location of high rate of dip, apparently was a optimal 
site for the formation of oolite. In particular, the pronounced 
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Figure 6.3. Shaded isopach map of the fourth-order trend surface 
of the marine interval thickness, K-Zone. Regional southward thick-
ening occurs beyond zone of flexure (coinciding with the northern 
edge of the Hugoton shelf flexure, Fig. 5.9) identified in this 
figure. Note that the trend-surface contouring constructed by 
Surface II continues beyond the limits of the data on the northeast-
ern and extreme southern portions of this map (compare this to the 
distribution of data, Fig. 1.2). 
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Figure 6.4. Shaded isopach map of the residuals of the trend 
surface for the marine interval thickness of the K-Zone. Positive 
residuals ring the southwest positive area (SWP), noted here by 
broad negative anomaly (less than -4 feet). Most prominent positive 
and negative anomalies in the southwestern mapped area trend 
northwest-southeast, all south of and paralleling the flexure zone 
defined in Figure 6.3. SWP area is also the location of patches of 
missing grid mapping elements. Note that mapped area for residuals 
does not project beyond limits of information as did trend surface 
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buildup immediately south suggests an even higher slope on the south-
ern, seaward side, a location most suited for the proliferation of 
oolite. Farther east along the southwestern flank of the CKU another 
strong positive anomaly is present. Cuttings and signature of wire-
line logs support the interpretation of an oolite shoal at this 
location. 
The southwestern structurally positive area indicated here by 
negative residual (thinning of the interval) and the surrounding 
isolated positive residuals were the cause for the poorer fit by the 
4th- and 5th-order polynominal surfaces of the K-Zone (Fig. 6.1). 
This southwestern Kansas structure accounts for much of the positive 
skewness (Fig. 6.2) in the frequency plot of the residuals of the K-
Zone marine interval thickness. The local, structurally positive 
area on the southern CKU, the Rush rib, is identified in Figure 6.4 
as a small isolated negative residual that coincides with the struc-
tural residual (Fig. 2.15). Differential relief, probably expressed 
at the time the interval accumulated as differential subsidence 
around this feature, is strongly suggested. 
J-Zone 
The series of maps constructed for the J-Zone is included in 
summary Plate 3. The trend surface and residual maps for the J-Zone 
(Figs. 6.5 and 6.6) illustrate a broadened region of thinning over 
the northern part of the area that extends significantly west of the 
CKU. Thinning is more pronounced over the CA in the J-Zone than in 
the K-Zone. The broad, negative residual reflecting this thinning on 
341 
Figure 6.5. Shaded isopach map of the fourth-order trend surface 
of the marine interval thickness, J-Zone. Range of thickening is 
greatest of all cycles. Significant thickening occurs south of a 
zone of flexure at approximately the 35 foot contour. Contour 
interval equals 5 feet. 
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Figure 6.6. Shaded isopach of the residuals of the trend surface 
of the marine interval of the J-Zone. Zero and -10 foot contours 
are shown. Darker shading is increasingly positive in 5 foot incre-
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the north also covers a much larger area than that of the underlying 
K-Zone. Furthermore, southward thickening is more uniform in the J-
Zone across the southern mapped area than in the K-Zone. The area 
along the extreme southern part of the CKU is no longer a notable 
region of thinning and suggests that this portion of the shelf was no 
longer elevated during the accumulation of the J-Zone. 
The 35- to 40-foot contours of the thickness of the marine 
interval for both the K- and J-Zone represent the northern limit of 
the region of rapid thickness variation in this isopach and that of 
the porosity development in the regressive carbonate. As previously 
discussed, this area noted by a convergence of contours is inter-
preted as the break in the slope, a flexure zone. The flexure zone 
at approximately the 35 foot (llm) contour in Figure 6.5 of the J-
Zone is more abrupt and is displaced southward of that in the K-Zone. 
It is not surprising that the accumulation of oolitic grainstone was 
widespread in the southern region similar to what occurred during 
deposition of the K-Zone cyclothem. Nevertheless, the southwestern 
positive area so important during deposition of the K-Zone was ap-
parently absent during the accumulation of the J-Zone. The 40-foot 
contour of the marine interval isopach map of the J-Zone extends 
westward then bends southward as an arc that is concave to the south 
over the previously identfied southwestern positive area (Fig. 6.6). 
Immediately south of this bend in Kearney and Finney counties is a 
very thick lobe of the J-Zone marine interval. This lobe extends 
east-soutbeastward as a series of thickened lobes over to the western 
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flank of the Pratt anticline in Kiowa County just south of the zone 
of flexure. The prominent buildup of carbonate, however, does not 
extend over the southwestern Kansas positive area, suggesting that it 
was probably somewhat higher than the area to the south, albeit more 
subdued in relief than during deposition of the K-Zone. The southern 
crestal region of the CKU in the vicinity of the Rush rib is again a 
pronounced negative residual indicating positive relief. 
The depositional grain in the southwestern area is west-north-
west in the J-Zone. The westerly component is thus greater than in 
the K-Zone, where slope is more directly facing the basin to the 
south. Perhaps there is a relationship between the amount and the 
orientation of the slope in relation to the more abundant grainstones 
on the upper shelf. The slight change in orientation of the paleo-
slope to a position facing more directly toward the Anadarko basin 
and the margin of the shelf may have been a factor favoring condi-
tions of higher energy farther north on the shelf during the J-Zone. 
A shoreline more directly facing the currents and wave action partic-
ular on the distal northern shelf would be a setting that would have 
had more opportunity for sorting of grains and of lime mud (Wilson, 
1975). 
The buildup of carbonate rock of the J-Zone in Reno, Harvey, and 
McPherson counties forms a northeasterly or northerly trend around 
the southeast flank of the CKU platform. The trend surface contours 
similarly bend around this region also converging here again to 
suggest the continuation of the shelf flexure. 
The local, closed positive residuals on the thickness maps of 
347 
the J- and K-Zone marine interval are generally offset from one 
another particularly over the southern shelf. Areas of thickening in 
the K-Zone are commonly locations of thinning in the J-Zone marine 
interval (Figs. 6.4 and 6.6). The younger J-Zone appears to have 
filled in low areas on the K-Zone surface now expressed here as local 
thinning of the interval. Depositional relief was apparently main-
tained on the K-Zone and perhaps even accentuated with emergence and 
subaerial exposure of the surface. The processes associated with 
transgression must have been weak in their attempt to rework the 
upper surface of the K-Zone, possibly due to the rapidity of trans-
gression. This relief maintained during transgression is not unusual 
judging from the abundant evidence of control of recent carbonate 
sedimentation by relict Pleistocene topography along the shelf margin 
of South Florida (Enos and Perkins, 1979). 
The maps of maximum gamma radiation of the marine shales of the 
J- and K-Zones (Plate 3 and Figure 5.7) identify nearly coincident 
locations of maximum gamma radiation of less than 160 AP! units. In 
particular, note that the broader areas also coincide with areas 
having less than 40 feet of marine interval and overlying the CKU and 
CA in both zones (Plate 3 and Figure 5.4). The present day struc-
tural sag between the CKU and CA in Rooks, Graham, and Trego counties 
is the site of higher gamma radiation. Moreover, very low levels of 
gamma radiation, less than 80 AP! units, are coincident with what are 
interpreted as pronounced positive areas of the CKU (the Rush rib in 
Barton and Rush counties and over the CA). The marine interval is 
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also exceptionally thin at these locations. 
The west-central portion of both maps of maximum gamma radiation 
include broad areas of higher gamma radiation (some areas exception-
ally high), while locations on the southern shelf are sites of rela-
tively low ga-a radiation. The southern part of the area of study, 
however, is interpreted as having been a location of deeper water 
during the time of maximum transgression. Simple stagnation of the 
bottom waters and the development of anoxic conditions appears not to 
be simply related to water depth alone. The enrichment of organic 
matter and uranium in the black shales as suggested by the gamma 
radiation involves other environmental factors on the shelf, namely 
circulation patterns, local depressions, and availability of organic 
matter. 
A lobe of terrigenous elastics belonging to the regressive shale 
(Plate 3) of the J-Zone hugs the western flank of the CA and CKU. 
The lobe thickens to the north from where it probably originated. It 
then prograded from this northwesterly source to as far south as 
Pawnee County. This restriction of the prograding lobe of elastics 
to the western area of the further suggests that the CKU was a 
location with topographic relief. A separate lobe of the J-Zone 
regressive shale interval spread into the southwestern area of the 
map through Hamilton and Stanton counties, and possibly originated 
the vicinity of the southwestern Kansas positive area. These 
terrigenous elastics may have been shed the much more positive 
area of the arch in southeastern Colorado where coarse-
grained terrigenous elastics of Missourian age are the dominant 
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lithofacies (Maher, 1953). 
Porous regressive carbonate that exceeds 10 feet (3 m) in thick-
ness (Plate 3 and Figure 5.5) is generally restricted to a region 
south of the shelf flexure in both the J- and K-Zones. The ratio of 
the thickness of the J-Zone to the total four-cyclothem interval 
exceeds 40 and 50 percent locally in Ford and Clark counties in the 
extreme south-central portion of the mapped area and in Reno, McPher-
son, and Saline counties in the southeastern part of the area. Per-
haps pronounced flexing along the southern portion of the shelf areas 
occurred during the accumulation of the J-Zone and resulted in con-
siderable buildup of the J-Zone in these areas south of the flexure. 
The map showing the locations of cores of the J-Zone (Plate 1) 
illustrates the wide range of thickness of the cyclothem. The dis-
tribution of facies in the J-Zone is also wide-ranging across the 
shelf. The limited number of cores from the south is augmented by 
cuttings descriptions that indicate the presence of widespread, thick 
oolitic facies in the upper portion of the regressive carbonate 
(Figs. 6.7-6.9). The oolitic facies of this zone has a charac-
teristic signature on the wireline log. Figure 6.10 is a detailed, 
hand-contoured map of the porosity of the J-Zone in the area crossing 
the zone of flexure where the finger-like lobes of porous rock pro-
ject northward. These projections resemble those of Todd (1976) and 
Bebout and Schatzinger (1978). 
The regressive carbonate rock on the extreme northwestern shelf 
increasingly argillaceous in the lower subtidal portion of 
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Figure 6.7. Index map for examples of wireline logs from wells 
that contain oolitic grainstone facies in the J-Zone in Figures 6.8 
and 6.9. Wells are located on this map by index numbers and named 
on the wireline log themselves. Outlined region on this map identi-
fies an area of detailed mapping of the thickness of porous regres-
sive carbonate of the J-Zone shown in Figure 6.10. 
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Figure 6.8 and 6.9. Series of four wireline logs illustrating the 
varied log signatures for J-Zone with and without prominent oolitic 
grainstone facies. Solid dots at center of log denote position of 
marine shales. Wells #1 and #2 have a very wel 1 developed section 
of porous oolitic grainstone, from 4037 to 4085 feet in well #1 and 
4405 to 4464 feet in well #2. Notice low GR and exceptionally high 
porosity. Wells #1 and #2 also reside south of the zone of flexure 
defined in Figure 6.3. 
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Figure 6.10. Hand-contoured version of thickness of porous re-
gressive carbonate for the J-Zone indexed in Figure 6.7. Contours 
are in feet. Heavy, dashed, northwest trending line denotes general 
location of zone of flexure which is the northern border of regional 
southern thickening of this interval (see Plate 3). Abbreviation 





the unit. Yet, the top commonly contains several feet of mixed bio-
clastic grainstone or packstone. Weathering and general subaerial-
diagenetic overprinting is evident in the J-Zone regressive carbonate 
as are well-developed soil features in the overlying regressive shale 
in the northern area (Watney, 1980). Thin grainstones commonly 
occupy the middle, dominately micritic portions of the regressive 
carbonates in the northern area indicating an earlier interception of 
wave base with the sea floor than in areas to the south. Greater 
proportions of restricted-marine, micritic carbonate rock cover the 
CA and CKU than in the K-Zone; yet open-marine wackestones are pres-
ent in all cores on the southern shelf. The distribution of grain-
stone is erratic on the upper shelf. This facies is also only very 
locally oolitic above the flexure on the shelf as was also true for 
the K-Zone. 
Regional correlation of lithofacies and wireline log signatures 
suggests the presence of a regional interruption in the deposition of 
the J-Zone cyclothem. Studies by Frost (1975) of the Dennis Lime-
stone in outcrop in southeastern Kansas and DuBois (1979) in Hitch-
cock County, Nebraska, provide evidence that a sudden regional trans-
gression and regression may have occurred during deposition of the 
middle part of the regressive carbonate. DuBois (1979) recognized a 
thin layer of extensive, high-energy grainstone or a less argillac-
eous micritic limestone layer near the middle of the J-Zone regres-
sive carbonate. This unit was considered by DuBois (1979) to be 
analogous to the oolitic zone of Frost (1975) and to represent a 
brief regressive-transgressive pulse. A thin interval of higher 
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gamma radiation and lower resistivity occurs midway in the J-Zone 
over much of the southern study area. Also the Oeser South core on 
the crest of the CKU contains a thin regressive carbonate composed 
mostly of oolite grainstone (Plate 1). The interval of oolite is 
broken by a subaerial crust. The regressive portion of this pulse 
may have developed during conditions of shoal water, perhaps result-
ing from widespread emergence followed by another rise in sea level. 
Close examination of this regional interruption in the accumulation 
of this cyclothem may provide a marker for correlation that approxi-
mates a time line. The identification of depositional conditions 
across the shelf during this period in geologic time could contribute 
much toward defining synchronous events on the shelf and refine the 
estimation of paleoslope conditions. 
I-Zone 
The 4th-order trend surface and residual maps of the marine 
interval of the I-Zone (Figs. 6.11 and 6.12) illustrate that greater 
differences exist between this cyclothem and the K-Zone than between 
the K- and J-Zones. The I-Zone thins markedly northward into north-
western Kansas and eventually the marine portion of the zone passes 
into red silty shale combined now with the regressive shale of the 
underlying J-Zone. The effective pinchout of the I-Zone occurs 
before reaching the northern border of Kansas. 
The trend surface contours become more closely spaced at thick-
nesses greater than 30 feet along the southern mapped area (Fig. 
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Figure 6.11. Shaded isopach map of the fourth-order trend surface 
of the marine interval of the I-Zone in the study area of western 
Kansas. Contour interval equals 5 feet. Zone of flexure is located 
at approximately 30 feet. Zero contour defines only approximate 
location of northward pinchout of J-Zone marine interval. 
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Figure 6.12. Shaded isopach map of the residuals of the fourth-
order trend surface map of the marine interval of the I-Zone. Zero, 
+10, and -10 foot contours shown and labeled. Darker shades repre-
sent more positive residual. Area mapped in northwest sector that 
contains no shading is area lacking the marine interval of the!-
Zone. Gove (GO) and Clark (CA) counties are identified along a 










6.11). This contour may be considered the northern edge of another 
zone of flexure. The thinning over the CKU-CA is pronounced. The J-
and the K-Zone marine intervals are thicker than the I-Zone in all 
areas. The positive residuals of the I-Zone marine interval vary as 
greatly south of the 30-foot contour as did those of the preceding 
cyclothems (Fig. 6.12). The trend of these positive residuals is 
again northwesterly over the southwestern shelf and northeasterly 
over the southeastern shelf. These trends are similar in orientation 
to the preceding cyclothems, except for the more northernly-trending 
linear residual extending from Gove (GO) down into Clark (CA) County 
(Fig. 6.12). This development is in distinct contrast to the pre-
vious cyclothems. The 30-foot interval contour on the marine isopach 
(Plate 4) almost parallels this thickened region on its eastern side. 
In southeastern McPherson County a prominent northeast-south-
west-trending positive residual is present. This local thickening 
coincides with the structural low between the Voshell anticline and 
the southeastern flank of the CKU (Fig. 2.12). This thickening over-
lies an area of thinned J-Zone that is developed between three lobes 
of substantially thicker J-Zone. Moreover, other areas of thickening 
of the I-Zone are generally sites of thinning of the underlying J-
Zone like the relationship recognized between the J- and K-
Zones. 
Structural activity along the Pratt anticline is suggested again 
by thinning of the marine interval extending southward beyond the 
CKU. The I-Zone is less than 15 feet (4.5 m) thick over most of the 
CKU and CA. Locally less than 10 feet (3 m) of I-Zone is present on 
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the CKU in Rush and Barton counties, areas previously mentioned for 
noticeable thinning. Abrupt thickening occurs off the southeastern 
flank of the CKU (Plate 4). 
Generally, the area of thinning associated with these prominent 
uplifts is just as marked as in J- and K-Zones, albeit different in 
position. Slight modifications to the rates and amounts of subsi-
dence of this magnitude (less than 50 feet, 15 m) on the shelf over 
the period of time represented by these cyclothems (200,000 to 
400,000 years) is not out of the question. Officer and Drake (1982) 
have indicated rates of 0.8 cm/yr in elevation change along the east 
coast since late Pleistocene, independent of glacial rebound, result-
ing in 140 m change over 3000 km (0.047 m/km) versus, for example, 20 
feet over 60 miles (6.1/96.6 0.06 m/kll). The rate of epeirogenic 
deformation is roughly 6.1 m/200,000 yrs= 3. x 10-5 m/yr. (maximum), 
a rate that is substantially less than along the east coast. This 
Pennsylvanian setting also was near an active plate boundary in the 
Ouachitas, the Ancestral Rocky Mountains, and adjacent to the rapidly 
subsiding Anadarko basin. Consequently, isostatic adjustment could 
be expected to have been substantial on this shelf because of a more 
tectonically energetic setting. 
Porous carbonate rock exceeding five feet in thickness is gener-
ally limited to the southwestern regions beyond the 20-foot marine 
interval isopach line and within the area where the marine interval 
is in excess of 90 percent of the cyclothem (Plate 4). The trends of 
porosity development generally parallel the marine interval contours 
(Plate 4). Areas of greater than five feet of porous carbonate are 
also scattered over the southern portions of the CKU and the northern 
Pratt anticline. The northwest-southeast- trending thick 
marine interval from Gove County to Clark County is associated with 
significant porosity development only on its southern extremity, 
south of the 30-foot trend surface contour (Plate 4). This contour, 
in fact, defines a northern limit to most of the thicker porosity 
development. 
Twelve selected cores of the I-Zone were shown earlier on a map 
of the study area in Plate 1. Carbonate facies over the CKU range 
from faunally deficient and low diversity sandy mudstone and wacke-
stone (#B-2 Reidel, 31-9S-24W) to nearly all open-marine grainstone 
and oolite in cores located on the southern margin of the uplift (3 
Denker). Close to the pinchout of the I-Zone along the northern 
shelf the transgressive unit grades rapidly into the regressive 
carbonate, e.g., 8-2 Reidel, without the intervening marine shale, 
not unlike other locations with the shale to the south (#8-6 Ohlson, 
28-14S-14W and #2-D Stegman, 11-16S-17W). In the Reidel core the 
lower portion of the regressive carbonate is a brachiopod-echinoder~ 
wackestone that contains abundant quartz grains. This basal sandy 
section probably represents the transgressive unit of the cycl~them. 
The 1-22 Hughes well (sec. 22-9-29W), about 20 miles (32 km) 
south of the pinchout, is predominately a faunally deficient, low 
diversity that is dolomitized and generally very 
intensely diagenetically altered. The alteration included solution 
channels with silicified walls filled with vadose quartz silt, exten-
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sive calichification, in situ brecciation at its top, and general 
millimeter-sized voids interpreted as root casts scattered through 
the micrite. The F-5 Reese on the crest of the CA also contains 
spectacular evidence for intense weathering: lithoclastic conglo-
merate with darkened grains or grains coated with dark-micritic 
calcite, solution pipes penetrating the in situ section of the car-
bonate, fissures showing distortion thought to be the result of 
compaction, root casts, and fracturing. 
All that remains of the I-Zone in the Bartosovsky well in sec. 
9-1-34W at a location north and beyond the occurrence of the marine 
lithofacies of the I-Zone is a 3 foot (0.9 m) interval of gray-green 
shale grading upward to dark-gray shale near the base of a 15 foot 
(4.6 m) thick, red, silty shale that contains evidence of multiple 
paleosoil horizons. Here beyond the I-Zone pinchout this entire 
interval of shale is regarded as part of the regressive shale of the 
J-Zone. Resolution of this remnant of I-Zone is only suggested in 
core through this subtle color and lithologic change. This is not 
recognizable on the wireline logs. 
These observations of cores and wireline logs of the I-Zone can 
be as follows: 1) the regressive carbonate is restricted 
in its entirety near where it pinches out; 2) early intense 
and prolonged subaerial exposure affected these northerly sites; 3) 
although shale laminations and quartz sand become an increasingly 
significant component to the north in the regressive carbonate of the 
I-Zone, the thick lobes of regressive shale in the J-Zone do not 
define the location and shape of the pinchout, implying that the 
pinchout was not entirely due to the carbonate sedimentation being 
overwhelmed by influx of terrigenous elastics (Shapes of contours 
might be expected to be more comparable if terrigenous elastics had 
overwhelmed the regressive carbonate of the I-Zone.); 4) finally, 
isopachs reveal progressive, regional thinning of the cyclothem onto 
the upper shelf without the usual decrease in the percentage of the 
marine interval. 
The average thickness of the cyclothem is less than the J- and 
K-Zones, while the overall character of the trend surface of the 
marine interval is similar. Together this information suggests that 
the I-Zone represents an inundation of the western Kansas shelf that 
was less extensive than the preceding two cyclothems. The configur-
ation of the shelf did not change significantly. Terrigenous elastic 
influx was comparable to the previous cyclothems and did not over-
whelm the carbonate sediments and terminate the cyclothem. Rather, 
the carbonates on the upper shelf were probably exposed for a time 
preceding appreciable influx of terrigenous elastics. Quartz grains 
are quite abundant in the I-Zone carbonates because of the proximity 
of the regressive carbonate to the shoreline. 
The limited samples of the I-Zone in the southwestern study area 
indicate oolitic grainstone was present (D-2 Conover) coinciding with 
the typical _high porosity and low gamma-ray signatures observed in 
the J- and K-Zones. However, the presence of phylloid-algal facies 
overlying the oolite in the D-2 Conover well is difficult to explain. 
Also the development of regionally extensive porosity that is most 
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Figure 6.13. Shaded isopach map of the fourth-order trend surface 
of the marine interval of the H-Zone. Contour interval equals 5 
feet. Zone of flexure comparable to regions of increased thickening 
of the three earlier cyclothems is limited to extreme southeastern 
portion of map approximately along the 25-foot contour. Area in 
northeast that is rapidly thickening to northeast represents projec-
tion into area without data. Large isolated thick area in west is 
attributed to a buildup of the regressive carbonate. Pronounced 
thinning over southeastern. portion of the CKU. Range of values 
mapped is 60 to 80 percent less than ranges in thickness for trend 




Figure 6.14. Shaded isopach map of the residuals of the trend 
surface of the marine interval of the ff-Zone. Zero, +4, and -4 
contour marked and labeled. Darker shading represents greater posi-
tive residual. A broad carbonate buildup is identified (CB). Raw-
lins (RA) and Thomas (TH) counties are locations of carbonate build-
ups in the zone which have been identified from cuttings to contain 
phyl loid algae. 
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couon to the lower portions of the I-Zone in this area is not well 
understood because of too few cores and seemingly anomalous succes-
sion. As in the J-Zone the cause may be a drop in sea 
level during I-Zone accumulation (2nd-order cyclothems). Complete 
sections of core from the I-Zone are not available to answer this 
H-Zone 
The youngest cyclothem, the H-Zone, represents a marked change 
in the configuration of the shelf as revealed by the trend surface 
and residual maps of the marine interval thickness (Figs. 6.13 and 
6.14). First of all, note that the range in thickness of the bar 
scale bar on the trend surface map is only 17 feet (5.1 m), while the 
previous ones range between 50 and 80 feet (15 and 24 m). The 
southward thickening on the southern shelf present in preceding 
is absent in the H-Zone. Without this southern basinward 
slope it is not unexpected then that oolitic grainstone facies is not 
a thick widespread development in this zone. Rather without a shelf 
break where current and wave energy could focus during late regres-
sion, micrite-rich, low-energy carbonate buildups accumulated. 
Sample cuttings positive residuals in Rawlins and 
Thomas counties in northwestern Kansas (Fig. 6.14) were composed of 
abundant phylloid-algal wackestone (Watney, 1980). A very broad 
buildup of carbonate rock with dimensions of 160 kll (100 miles) by 80 
km (50 miles) by up to 40 feet (12 11) is centered in Scott and Lane 
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counties (Fig. 6.14). The northwest-southeast trend is the only 
characteristic that is similar to the positive anomalies present in 
the older cyclothems. This region of rather localized. thickened 
carbonate rock is the primary anomaly in the isopach that has made 
the fit of the lower-order trend surfaces so poor (Fig. 6.1). The 
substantial thickening also accounts for the positive skewness of the 
residuals (Fig. 6.2). The very anomalous thickness of this feature 
is apparent as positive areas on both of the trend surface and trend 
residual maps (Figs. 6.13 and 6.14). 
Other wireline log-derived parameters and core information pro 
vide a more detailed interpretation of the configuration of the shelf 
at the time the H-Zone was deposited (Plates 1 and 5, Fig. 6.12). 
Significantly, the southwestern positive area was active again, as 
described below, and probably provided a southern barrier to current 
and wave activity generated in the deeper, open water to the south. 
The level, protected-shelf area immediately to the northeast became 
the site of a large complex of carbonate buildups in Scott and Lane 
counties. In general, the shelf was affected by lower energy condi-
tions during the H-Zone because of the less inclined, more stable-
shelf setting and perhaps more rapid regression once it began. 
A thickened marine interval in McPherson County parallels the 
nearly north-south trending 20-foot (6 m) isopach that defines the 
eastern limit of an unusually broad zone of thinning centered along 
the CKU positive region developed during the H-Zone. This particular 
buildup may represent either a high- or low-energy carbonate because 
of its position along a flexure bordering a particularly positive 
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region on the shelf. 
The marine interval is less than 20 feet (6 m) thick over much 
of the shelf ranging from large areas over the CKU and CA (both well 
defined by this contour) to smaller patches in the south-central and 
southwestern area (Plate 5). Several isolated areas with thicknesses 
less than 10 feet (3 m) are found on the southeastern margin of the 
CKU in Ellsworth and Rice counties. The area of thinning is appre-
ciably broader than noted previously over the Pratt anticline now 
extending considerably farther to the east into Reno County. This 
notable thinning also extends southward off the mapped region. Thin-
ning of the marine interval noted on the upper reaches of the shelf, 
however, is not nearly as prominent as it was for the earlier cyclo-
thems, particularly over the CA. 
Many areas having a thin marine interval are also the sites for 
low gamma-radiation levels in the marine shale (Plate 5), particu-
larly over the CKU. Areas with marine shale in excess of 150 API 
units of gamma radiation are more limited when compared to the same 
maps of the J- and K-Zones. This, in fact, may imply that the level 
of inundation may have been slightly less than during deposition of 
the J- and K-Zones, but more than during the accumulation of the I-
Zone. 
Areas with low gamma radiation for the marine shale (Jess than 
100 API) cover the CKU over a very broad area including areas ex-
tending appreciably beyond the previous eastern and southern limits 
of the CKU. The CA region is associated with a considerably smaller 
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area displaying radiation of less than 100 API units. Coinciding 
thinning of the marine interval, however, is not as substantial as it 
was to the south. A rather broad southwestern area of low gamma 
radiation circumscribes several isolated lobes of thinned marine 
interval. The areas of low gamma radiation extend eastward of the 
previously defined southwest positive area. This attenuated gamma 
radiation suggests the redevelopment of a prominent southwestern 
positive area that had not been significantly active since the accu-
mulation of the K-Zone. 
The areas of higher gamma-ray values of the marine shale are 
scattered as irregular patches over the east-central shelf and north 
of the southwestern positive area. The largest area of elevated 
gamma radiation also coincides with the lobe-shaped marine interval 
thickness in Gove County. This area of high gamma radiation includes 
portions which lie beneath the large micritic-carbonate buildup. 
Possibily more sustained anoxic bottom conditions were encouraged by 
positive surroundings promoting stagnation and resulting in the accu-
mulation of more radioactive shale. The development of the carbonate 
buildup would have been encouraged at least in part by the accumula-
tion in the protected slightly lower region. Water conditions in-
cluding temperature, salinity, and energy conditions may have been 
favorably affected by this setting leading to proliferation of organ-
isms. 
The porous carbonate thicker than four feet identified in Plate 
5 is located: 1) on irregular but large patches of shelf on both the 
western and eastern flanks of the southern CKU, Pratt anticline, and 
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southwestern positive area, 2) the area immediately west of the Pratt 
anticline in Edwards, Stafford, and Pratt counties, 3) at and near 
where the large carbonate buildup and the southwestern positive area 
converge in Finney County, and 4) on the northwestern flank of the 
same carbonate buildup in Wichita and Logan counties. This porosity 
was primarily derived from grain-supported carbonate facies in the 
upper portion of the regressive carbonate, some of which has been 
described as oolitic. The marine interval thickens rapidly immedi-
ately southeast of the CKU, which may be the only zone of flexure in 
the area of study during the H-Zone interval. Regionally continuous 
porosity developed in the regressive carbonate appears to be near the 
location of this zone of flexure, yet in a much more restricted area 
when compared to the underlying cyclothems. 
The thickest development of regressive terrigenous elastics in 
the H-Zone forms a broad band covering northwestern Kansas (Plate 5). 
The southern margin of the thickest portion, defined roughly by the 
8-foot contour, runs from Phillips County located on the east edge of 
the CA to Wichita County in extreme west-central Kansas. Moreover. 
the regressive shale is more uniformly developed then the underlying 
zones. Four areas, however, contain less than four feet of this 
shale: 1) the east-central portion of the CKU centered in Barton and 
Russell counties, 2) over the Pratt anticline in Stafford and Pratt 
counties, 3) the southeast portions of the southwestern positive 
area, and 4) over portions of the area covered by the thick marine 
interval centered in Scott County. The thin regressive shale at 
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these locations suggests that positive shelf locations were coinci-
dent with both the buildup of carbonate rock and structurally ele-
vated areas. The widely distributed but thin regressive shale in 
these other areas suggests that the topographic relief was not pro-
nounced. This is the first time in the succession of the four cyclo-
thems examined here that measurable, regressive, terrigenous elastics 
prograded so far south. 
The ratio of the thickness of the H-Zone to the thickness of the 
total four-cyclothem interval provides a stark contrast to similar 
maps in the underlying three cyclothems (Plates 3, 4, and 5 and 
Figure 5.8). While the CA was a strongly positive area, this map 
suggests diminished relief. More than 40 percent of the four-cycJo-
them interval is composed of H-Zone in the CA area in Graham County. 
Much of the H-Zone here, however, is composed of terrigenous elastics 
of the regressive shale. On the southern shelf the absence of abrupt 
thickening and hence a zone of flexure is dramatically expressed over 
an area where the H-Zone contributes less than 20% to the total 
thickness of the four cyclothem package. 
Locations of twelve cores examined in the H-Zone are shown in 
Plate 1. Three north-centrally located cores, the #9 Morel, #D-2 
Reidel, and #1-22 Hughes, are all composed of predominately open-
marine sequences in the H-Zone with the exception of their very tops. 
The predominance of the open-marine conditions is in contrast to the 
other cycfothems at this northern location on the shelf. Alterna-
tively, the eastern and southeastern cores. the 506 Dorr. the B-6 
Ohlson, #3 Denker, and the 11 Ainsworth. have increasingly Jess open-
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marine intervals, particularly toward the southeast. This is also 
contrary to the observations in previous cyclothems. However. the 
thinnest marine interval of the H-Zone on the entire shelf is located 
near the 11 Ainsworth core in Rice County. It is significant that 
the H-Zone in the #3 Denker core has the most faunally restricted 
section in spite of its southern location. This demonstrates that 
this area of the CKU was quite positive during the accumulation of 
the ff-Zone. 
The marine interval in the wells to the south and southwest is 
thicker than on the CKU. Moreover, the 1 Beauchamp core in Stanton 
County reveals a thick succession of open-marine lithofacies. The 1 
Beauchamp lies on the eastern edge of the southwestern positive area, 
the site of a prominent minimum gamma radiation of the marine shale. 
Although diversely fossiliferous, the marine shale in the 1 Beachamp 
core is thin, silty, and dark gray. The uppermost regressive carbon-
ate is thin with 13 feet of oolitic grainstone that is capped by a 
subaerial crust. Furthermore, the core is located on a trend of 
regionally continuous porosity (Plate 1 and Plate 3). The area 
apparently was the location of an influx of terrigenous elastics 
probably coming off the Cimmaron arch. The presence of abundant 
oolite, the lack of black shale, and the higher percentage of silici-
clastics strongly suggest the presence of local pronounced relief at 
this location on the shelf. 
Only -limited occurrences of thick (greater than five feet), 
regionally continuous porosity and associated grain-rich carbonate 
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rocks are present on the southern shelf in the H-Zone, unlike the J-
and K-Zones. However, like older cyclothems, thinner, less contin-
uous grain-rich intervals in the H-Zone also serve as petroleum 
reservoirs in the northern area of study such as in the Cahoj field 
in Rawlins County where grainstone developed on a paleohigh (Watney, 
1980). Local paleohighs may be a very important factors in deter-
mining the location of the grainstone, particularly with such a 
broad, flat setting as that of the shelf during the H-Zone. 
The carbonate buildup composed of phylloid algae recognized in 
Rawlins County was initially considered unusual (Watney, 1980). 
Younger cyclothems (G and D) also had carbonate buildups attributed 
to phylloid algae (Ebanks and Watney, in press). Locally, the phyl-
loid algae have been leached by freshwater to produce a very porous 
rock. Yet, this porosity is erratic and very difficult to predict, 
except that it may be associated with anomalous thickening of the 
regressive carbonate. The large lobate buildup of carbonate rock 
centered in Scott County has not been studied in detail. It is an 
accumulation of micrite rather than grainstone. The lobe may repre-
sent a complex of mud mounds that accumulated through the prolifera-
tion of phylloid algae or other organisms that trapped sediment and 
inhibited strong current activity. The wide-shelf setting of the H-
Zone where current and wave action were generally dissipated was 
probably conducive to the formation of these buildups. Certainly, 
the H-Zone -is different from the preceding cyclothems. Yet, it is 
concluded that the level of inundation of the shelf by the sea was 
comparable to that of the J- and K-Zones, during the deposition of 
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which the configuratjon of the shelf was closer to a level platform 
on which several broad topographic highs including the southern CKU 
and the broad southwest positive area were developed (Fig. 6.15). 
The development of differential relief changed during the suc-
cession of cyclothems, apparently independent of the cyclic pattern 
of sedimentation. The effect of the varying configuration of the 
shelf on the sedimentary rocks was dramatic. The composite-interval 
thickness map of the four cyclothems (Fig. 2.9), however, suggests a 
simple interpretation of draping and thinning over the prominent CA-
CKU trend. 
Summary--Intercyclical Variation, 
Causes and Effects 
Differential structural movement of the shelf occurred as the 
whole shelf tilted and subsided in conjuction with downwarping of the 
Anadarko basin. The locations of some of the first- and second-order 
structural activity on this shelf, such as the formation of flexures 
and uplifts, may be related to basement heterogeneity and weaknesses 
as indicated by faulting and geophysical anomalies. In particular, 
linear elements and patterns on the magnetic intensity map of Kansas 
separate the Precambrian basement into different terranes. Apparent-
ly some terranes are strong, unitized masses, while others are weak 
and possibly fractured or faulted blocks. Together they define the 
mechanical- integrity that significantly affected the location and 
style of deformation that influenced the overlying sedimentary st ra-
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Figure 6.15. Perspective block diagram of the structural config-
uration of the western Kansas shelf during the accumulation of the 
H-Zone. Interpretation based on the series of subsurface maps and 
core data. Shelf was more level than previous cyclothems. CKU and 
southwest positive (SWP) apparently were active during the accumula-
tion of the H-Zone. Areas of notable thinning are associated with 
the southern CKU and SWP. Large complex of carbonate buildups 
immediately northeast of the SWP. Carbonate buildups in Rawlins 
(RA) and Thomas (TH) counties are phylloid algal mudbanks (See Fig. 
6.14). Regionally continuous porosity in the H Zone is commonly 
associated with the southern, basinward-directed edges of the car-
bonate buildups or areas of structural relief, e.g. southwest and 
southeast positive areas (Plate 5). 
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ta. Although the shelf setting was maintained during this period. 
localized crustal areas responded differently to the external forces 
affecting them. 
Price (1981) in a surface study of the Middle Pennsylvanian 
Pawnee Limestone in the Midcontinent concluded that the positive 
relief over the Bourbon arch influenced the distribution of facies in 
this unit; the arch was notably an environment that was more condu-
cive to proliferation of algae resulting from relatively clearer 
water, more light, and better circulation and nutrient supply. Gen-
tile (1967) had similarly noted the effect of structural movement on 
sedimentation in the same area as did McMillian (1956). Closer to 
this study area, Moore and Nelson (1974) had previously reported on 
the effect of the Cambridge-Chadron structural trend on thicknesses 
of Paleozoic and Mesozoic strata. 
Fisher (1980) recognized the influence of the Nemaha uplift and 
associated lesser structures on the sedimentation and diagenetic 
pattern of beds in the uppermost Hamlin Shale and Americus Limestone 
in northeastern Kansas. In particular, erosion and reworking of 
strata along a disconformity between the Hamlin and Americus are 
noted over the crestal areas of the Nemaha uplift. Variations in 
thickness and composition of the upper Americus limestone are also 
attributed to the influence of paleorelief over the Nemaha uplift. 
The Nemaha uplift had a similar episode of major uplift during the 
Late Mississippian and Early Pennsylvanian as the CKU (Merriam. 
1963). 
Recently, Bornemann and Uoveton (1983) described lithofacies in 
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the Viola Limestone in south-central Kansas over the area of the 
Pratt anticline. The influence of this positive structural element 
on sedimentation is apparent from core and log analyses. More grain-
rich carbonate facies flank this feature suggesting that a precursive 
structural element substantial enough to affect sedimentation existed 
during the Ordovician. The authors. furthermore. concluded that the 
grain of the lithofacies coincides with the suspected basement 
faults associated with the Precambrian Midcontinent rift system 
suggesting that the faults were active intermittently and influenced 
depositional trends, diagenetic patterns. erosional history. and the 
location of traps for Viola fields. 
Obviously, these authors were convinced that the relationships 
of structure and sedimentation are more than circumstantial. The 
persistence of a structural element such as the Pratt anticline and 
the effects that this positive relief had on deposition over long 
periods of geologic time are testimony to recurrent structural move-
ment. Other workers have addressed recurrent movement of basement 
structures and reactivation of faults in the interior regions of the 
U.S. with widely ranging ramifications and applications: 1) in-
fluence of the Transcontinental arch on Cretaceous marine sedimenta-
tion (Weimer, 1978): 2) tectonics and sedimentation in the northern 
Denver basin (Sonnenberg and Weimer, 1981); 3) late Paleozoic move-
ment along the Los Animas arch (Rascoe. 1979); 4) post-Cretaceous 
faulting at head of Mississjppian embayment; 5) rift precursor to 
Mississippi embayment (Ervin and McGinnis. 1975). Causes of the 
385 
internal motion of the crustal plate along unhealed fault blocks are 
increasingly being sought by invoking major tectonic forces focused 
along boundaries of the plate. 
The periodicity or oscillation of shelf-wide structural defor-
mation has not been demonstrated. Sloss and Speed (1974) suggested 
that while regional tectonic deformation such as uplift and subsi-
dence was an important cause of change in sea level, the frequency of 
deformation needed to produce cyclothems was too high. The deforma-
tion on the Pennsylvanian shelf in western Kansas was dominated by 
subsidence for successive cyclothems. The southward tilting ramp was 
modified by local, resistant, positive elements that subsided less 
rapidly than the surrounding shelf. These features varied in time as 
well as in overall degree of subsidence. e.g., H-Zone compared to the 
rest of the cyclothems. This shelf as a whole was apparently re-
sponding to the much stronger subsidence of the Anadarko basin. 
Conceptually it is difficult to invoke periodic uplift to cause the 
emergence of the shelf evidenced by the sedimentary record. 
Structural oscillation of this tectonic province associated with 
the subsidence of the Anadarko basin and probably the activity of the 
Ouachita orogeny becomes an even less acceptable explanation for 
change in sea level when one attempts to apply it to other areas of 
the Midcontinent or distant areas that were undergoing comparable 
carbonate-shelf cyclic sedimentation, e.g., Russian platform, on the 
Eurasian continent. The spacial and vertical regularity of the 
epeirogenic deformation as described here was not uniform between 
cyclothems. Furthermore, its influence on sedimentation appears to 
386 
have been only a second-order effect, due to tilting and differential 
uplift. Consequently, it seems necessary to invoke a change of sea 
level in order to produce the cyclicity that apparently affected 
broad areas of the craton. 
CHAPTER SEVEN 
EUSTATIC SEA LEVEL CHANGE 
Many workers, such as Evans (1979), have described evidence in 
Quaternary sediments for eustatic change in sea level. This evidence 
is important to the interpretation of observations in this investiga-
tion. In particular. the observed simularities of these Pennsylva-
nian strata to Quaternary sedimentary cyclothems induced by glacial-
eustatic changes in sea level are evident. The record of Pleistocene 
coastal sedimentation is one of punctuated transgression dominated by 
progradational sedimentation during stillstand and then gradual but 
fluctuating fall in sea level with accompanying sedimentation. Each 
succession is concluded by subaerial exposure. The repetition of the 
Quaternary transgression and regression is due to glacially-con-
trolled eustatic change in sea level described in the introduction. 
Beard et al. (1982) have subdivided the terrigenous-clastic-dominated 
Quaternary stratigraphic succession on the Gu 1 f Coast. U.S.A.. into 
eight recognizable cyclothems using paleontological, sedimentologi-
cal. and seismic evidence. They concluded that these cyclothems were 
controlled by glacial eustacy, each depositional sequence represent-
ing a conformable succession of genetically related strata bound by 
unconformities at the top and base. The duration of each of these 
recognized cyclothems then would average over 200,000 years. double 
the length of time of the average glacial cycle recognized from deep 
sea cores. Precise correlation of these events would be needed to 
compare their development. 
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The shelf along the Gulf Coast was subaerially exposed during 
low stand of sea level. Sediment then bypassed the shelf and was 
deposited on the continental slope resulting in the progradation of 
the shelf. Transgressive sediments, as Evans (1979) noted, are 
typically thin. The depositional sequence is thus dominated by the 
prograding terrigenous elastic deltaic deposits. The shelf-wide 
distribution of thin transgressive deposits and extensive, but thick-
er regressive sediments of the study area in western Kansas are 
analogous to these deposits. The reciprocal nature of carbonate and 
elastic sedimentation, particularly the periodic progradation of 
terrigenous elastics across the shelf and into the slope and basinal 
areas of the eastern edge of the Anadarko basin in Oklahoma is very 
similar to the overall processes of development of the Gulf Coastal 
region (Figs 2.3 and 2.4; Galloway et al, 1977; Kumar and Slatt. 
1984) . 
The key element observed and illustrated in western Kansas is 
the repetition of a sequence of strata over a very wide area. Sedi-
mentary processes alone cannot easily explain the evolutjon of the 
observed succession and lateral distribution of sediment across the 
gently inclined shelf. Neither can processes of sedimentation alone 
explain the shelf-wide early freshwater diagenesis. subaerial expo-
sure. and limited erosion that affected each cycle. The regularity 
in thickness between cycles, the repetition of sedimentary units. and 
the breadth-to-thickness ratio, such as the minimally 300-mile-wide 
shelf with the cyclothem averaging 30 feet in thickness giving a 
ratio of thickness to lateral extent of 52,000 in the study area, 
make this a phenomenal record of widespread but rapidly changing 
lithofacies. 
The model of Quaternary coastal sedimentation provided by Evans 
(1979) and Beard et al. (1982) illustrates a response to processes 
predominately controlled by changing sea level. Significant aspects 
of this model that are similar to the Missourian rocks of western 
Kansas include the following. 1) The rise of sea level is inter-
preted to have been rapid, quickly leading to a succession of thin 
sedimentary facies from shallow to deeper water. 2) The maximum 
transgression is characterized by commonly widespread stagnation 
across the shelf during times of diminished rates of sedimentation 
resulting in a condensed interval of black shale or possibly concen-
trations of glauconite and phosphorite. 3) Regression is relatively 
slow, possibly with minor fluctuations in sea level but with a gener-
al trend toward shallowing conditions across the platform. Generally 
thick regressive coastal sediments result. 4) The thickness of the 
sediments in either case does not represent the actual depths of 
water that covered the shelf. 5) Regressive sedimentation is en-
couraged by the progradation and aggradation of sediment, but alone 
they cannot account for the distribution of facies or the pattern of 
diagenesis. 6) The maximum extent of regression suggested in the 
Pennsylvanian and Quaternary examples is substantial. In both exam-
ples the sea apparently totally withdrew from the shelf subjecting 
the sediments to subaerial exposure and weathering. Thin, weathered. 
oxidized surfaces (diastems) separate the sedimentary sequences as 
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sea level fell beyond the margins of the shelf. Reciprocal sedimen-
tation brought significant elastic detritus to the slope and basins 
in both settings leading to periodic progradation of the shelf mar-
gins. 7) Depositional topographic relief and much of the sediment 
itself, however, are preserved in both examples even during intense 
weathering and erosion on the upper parts of the shelves, an impor-
tant point that was stressed by Evans (1979). The actual modifica-
tion to the upper carbonate in the Pennsylvanian study by intercyclo-
them exposure may be even more substantial than that recorded in the 
few cores that are available. 
Investigations of equivalent Missourian strata from other set-
tings have also recognized the presence of subtle unconformities. 
Locally on the outer shelf margin of the Midland basin in central 
Texas the Missourian carbonate rocks (Canyon Group) merge to become a 
stacked sequence of buildups of micrite-rich limestone composed of 
phylloid algae. A.A. Brown (1979) described multiple development of 
a caliche subaerial crust and compaction breccias in micritic lime-
stone immediately beneath the upper surfaces of regressive sequences 
of phylloid algal biomicrites. Brown interpreted these as subaerial 
unconformities and concluded that at least the tops of the mounds 
were exposed during a lowstand in sea level. Exposure was followed 
by rapid transgression that trapped elastics nearshore and encouraged 
the deposition of more extensive carbonates across the shelf. 
Ross (1971) also found unconformities separating the cyclothems 
of carbonate-dominated rocks of the Late Pennsylvanian in the Glass 
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Mountains of west Texas. He concluded that the withdrawal of the sea 
was extensive, and he traced the shallow carbonate rocks 427 feet 
(130 meters) stratigraphically below what he interpreted as a shelf 
edge. This is comparable to the amount of sea-level fall proposed by 
Van Siclen (1958), who studied equivalent strata along the eastern 
shelf of the Midland basin. Furthermore, the interpretation of Beard 
et al. (1982) of the shelf margin of the Gulf Coast is not appreciab-
ly different from the model of Van Siclen (1972), which is comple-
mented by the studies of Ross (1971) and Brown (1979). 
Other studies of Early and Late Pennsylvanian carbonate-rock-
dominated shelf margins in the southwestern U.S. have also suggested 
a pronounced withdrawal of the sea between each cyclothem because of 
a substantial fall in sea level, perhaps a mimimum of 100 to 150 feet 
(Wilson, 1967; Winchester, 1976; Toomey et al, 1977). Upper Pennsyl-
vanian cyclothems in the Oquirrh Group in central Utah are inter-
preted to have been deposited in a strongly fluctuating shelf envi-
ronment as indicated by alternating thin carbonate rocks and thicker 
terrigenous rocks (Stevens, et al, 1983). 
In the Appalachian basin, the Brush Creek and Cambridge cyclo-
thems, thought to be equivalent to cyclothems within the Kansas City 
Group, contain red-bed sequences more than 10 ft. (3 meters) thick 
near the top of the regressive sequences (Sturgeon, 1958). These 
shales are mottled red, brown, buff, and green. and locally contain 
small ferruginous limestone masses. Further study is needed to 
determine if a paleosol is present or if there is other evidence of 
subaerial exposure. However. punctuated succession of marine and 
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non-marine oxidized and reduced rocks imply marked fluctuation in 
environments of deposition. The overlying transgressive limestones 
of these successions, lhe Brush Creek and Cambridge limestones, are 
dark gray to black regionally extensive units only 1 to 2 feet thick. 
They locally grade upward to a fossiliferous sandstone or conglom-
erate containing clasts of marine limestone pebbles or cobbles. 
Although the marine sediments are limited in the succession, they are 
significant in terms of their influence on the environmental setting 
of the shelf, representing a marked change over a wide area. There 
are six similar transgressions in the Missourian rocks in Ohio (Wan-
less, 1975), at least three of which can be traced into Pennsylvania 
and West Virginia. Moreover, to the west in the Illinois basin 
thirteen transgressions are recognized, each of which becomes in-
creasingly more marine to the west (Wanless, 1975). Greater water 
depth during transgression and/or reduced elastic influx would in-
crease the obvious evidence for the marine incursion and help to 
explain the greater number and more marine character of cyclothems to 
the west. 
Marine transgression induced a rapid environmental transition 
across the shelf. The large deltas on the eastern edge of the craton 
periodically were apparently synchronously inundated. Baird and 
Shabica (1989). for example, described simultaneous inundation of 
actively prograding deltas of Middle Pennsylvanian age in the Illi-
nois and Midcontinent interior basins. This brought about the de-
struction of separate distributary systems and resulted in the depos-
3()., .J.) 
ition of the Francis Creek Shale. They termed the shale a syntrans-
gressive delta unit. This shale contains well-preserved. soft-bodied 
invertebrate organisms and plants that died during catastrophic bur-
ial at the time of this transgression. This deposit is followed by 
the accumulation of the Mecca Quarry Shale Member, generally a black 
shale, relatively thin but correlative over large areas. It is, in 
fact, considered to be equivalent to the black shale beneath the 
Verdigris Limestone in Kansas (Wanless and Wright. 1978). Other 
inundations that occurred during active delta progradation were de-
scribed in Upper Pennsylvanian deposits of the Brush Creek (Missou-
rian) transgression of the Appalachian basin (Morris. 1967; Rollins 
et al., 1979). 
The midcyclothem or core stratum deposited during late trans-
gression and maximum inundation on the shelf is the black shale 
facies (see discussion on marine shale). Such marine shales as the 
Excel lo and Heebner have provided the correlation between regions of 
the Midcontinent (e.g., Wanless, 1964; Hecke 1, 1977 ). Marine shales 
of the Missourian zones studied in western Kansas are widespread but 
are not usually cited for their extensive black-shale facies. The 
carbonate-dominated portions of the typical Late Pennsylvanian Kansas 
cyclothem. however, also are found considerably farther eastward in 
the Illinois basin. The Fithian cyclothem in Illinois described by 
Heckel (1980) is correlated to middle to lower Missourian and hence 
equivalent to a portion of the interval investigated here. The 
composition of the cyclothem is very similar to the succession de-
scribed in Kansas. The conodont distribution. for example. is analo-
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gous to the Kansas-type cyclothem described by Heckel and Baesemann 
(1975). The black shale, although thin, has the richest assemblage 
of conodonts of any member of the cyclothem. This unit separates 
limestones resembling the transgressive lower limestone from the 
regressive upper limestone. The regressive carbonate is overlain by 
coal and underclay and succeeded by outside. regressive shale and 
sandstone, all of which contain only rare or no invertebrate fossils 
or conodonts. The succession is quite similar to the eastern Kansas 
strata of equivalent age because of the significant thicknesses of 
regressive shale. Correlative marine members farther east in Illi-
nois, Indiana, and Ohio, however. punctuate a stratigraphic column 
dominated by terrigenous elastics because of the proximity to the 
source of terrigenous elastics. 
An estuarine model used in this report to explain the develop-
ment of anoxia during accumulation of the black shale is analogous to 
that of Demaison and Moore (1979, 1980). It utilizes the most avail-
able and likely components to produce an anoxic sea floor on the 
craton: 1) abundant terrestrial organic matter produced in a humjd, 
tropical climate, and 2) abundant influx of freshwater during the 
period of rapid transgression, during deepening water conditions 
where influx of heavier, cooler marine waters together with tropical 
heating of sttrface waters produced stratification of the water mass. 
Oxygen was depleted, influx of terrigenous detritus had been elimi-
nated or greatly minimized except along the very edges of the era-
tonic sea, and slow sedimentation ensued. The result was a thin, 
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black, dense, faunally restricted shale commonly repeated in many 
Middle and Upper Pennsylvanian cyclothems across the Midcontinent. 
Favorable climate, organic-matter productivity, and positive water 
balance were thus the crucial ingredients to the formation of these 
extensive black-shale units. 
The depth of water during the deposition of this shale was 
probably nearing or at its maximum, due to its extensive lateral 
distribution and indications of slow rates of deposition. Once the 
supply of fresh water from the inundated mainlands was eliminated and 
mixing with normal sea water began, the sea bottom was restored to 
normal-marine conditions. Perhaps the seafloor closer to the sources 
of freshwater remained anoxic for longer periods due to high organic 
productivity and continued stratification of the water column result-
ing in, for example, very high values of certain minor elements such 
as molybdenum (Coveney and Martin, 1983). Shales at these nearshore 
locations apparently contain more metals, phosphate, and organic 
matter because they were provided by the mainland. The growth of 
bottom endolithic algae, apparently lacking during and immediately 
before and after the accumulation of black shale, is an indication of 
unfavorable conditions on the seafloor. This was perhaps not because 
the seafloor was below the photic zone, but possibly because of 
abnormal pH or Eh, or toxicity of the bottom waters. 
The lateral facies change of black shales to gray and green 
open-marine shales on a stable, low-lying shelf environment is asso-
ciated with overlying and underlying carbonate rocks that show no 
significant change in lithofacies over long distances. Furthermore. 
396 
thin marine limestones are just as likely to be present at upper 
shelf locations without an accompanying black shale facies. The 
minor regional slope of the shelf apparently controlled the several 
locations of the black shales with only moderate effects on the 
adjacent carbonates suggesting that the black shales were not depo-
sited in substantially deeper water than either the lower portion of 
the regressive carbonate or the uppermost portion of the transgres-
sive carbonate. Rather the marine shale interval was probably depos-
ited in somewhat deeper water perhaps during the building and climax 
of an interglacial stage as many have suggested. Sea level curves of 
Vail et al. (1977) suggest that the Late Pennsylvanian was a time of 
only intermediate inundation of the continents (Fig. 7.1). During 
normal interglacial periods the sea level would approach this inter-
mediate level of inundation on the cratons. Absolute depths of water 
on·the shelf then were probably between the estimated maximum 980 
feet (300 m) above present, during the Late Cretaceous (Hays and 
Pittman, 1973) and the present low-stand in sea level. This interme-
diate level of mean sea level without the effects of glaciation 
perhaps is close to 400 feet (120 m) as suggested by previous workers 
(Van Siclen, 1958; Ross, 1971). A drop in sea level to the shelf 
edge would suggest then a minimum change in sea level of 400 feet 
(120 m). The range in Pleistocene sea level change as mentioned 
previously is between 330 to 490 feet (100 to 150 meters) (Donovan 
and Jones, 1979). These values are comparable as might be antici-
pated if glacial eustacy were to be used to explain the cyclothemic 
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Figure 7.1. Second-order global cycles of relative sea level 
change (coastal onlap) during Phanerozoic time (from Vail et al., 
1977) and extent of inundation on continent according to Wise 
(1974). Kansas stratigraphic column is shown on left-side of the 
illustration. Pennsylvanian (Late Carboniferous) was a period of 
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strata of the Upper Pennsylvanian. 
Static interglacial, high-stand conditions developed during the 
Quaternary at times when seawater rapidly submerged the shelf but not 
to extreme depths. Sea level then fell as a result of renewed gla-
ciation producing a shallowing-upwards succession of sediments that 
were finally exposed to subaerial processes. Evidence presented by 
Ross (1971) for the Midland basin and Galloway et al. (1977) and Lane 
(1979) for the Anadarko basin support a substantial fall in sea level 
beyond the shelf margin. Terrigenous elastic sediment apparently 
bypassed the shelf late during regression, prograding and extending 
the shelf margin seaward. This is analogous to the description of 
the Quaternary succession by Beard et al. (1982). The fall of sea 
level below the shelf margin could perhaps account for an appreciable 
portion of the total range of the fluctuation of sea level. The 
argument suggests that products of subaerial exposure are probably at 
least as extensive and significant as those sediments deposited 
during maximum transgression and hence could be very useful in denot-
ing the cyclothems. The recognition is hampered, however, as a 
result of thinness and commonly the presence of only subtle criteria 
to indicate subaerial exposure. 
The Gazelian-Kaslmovian cyclothems on the Russian platform sum-
marized by Rauser-Chernovsova (1979) are similar in thickness and 
composition to those in the equivalent interval of the western Mid-
continent, but they apparently lack the black shale. In particular, 
the Missourian equivalent (Kasimovian) in this area is dominated by 
diversely fossiliferous carbonate rock. Much thinner shale and 
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siltstone were deposited only in the latest stages of these cyclo-
thems. Erosional surfaces with some suggested topographic relief 
separate the individual cyclothems much like those described here in 
Kansas. The higher latitudinal position of the Russian platform 
(Parrish, 1982) may have been significant in accounting for the 
apparent failure to form the black shale facies. Reduced levels of 
organic matter production in a temperate setting, a decrease in 
amount of precipitation, and wider range of temperature may have 
eliminated the development of temperature or salinity stratification 
of the water mass and limited the extent and amount of low oxygen 
waters needed for anoxic conditions to develop. The fact that these 
cyclothems are even developed with the character and periodicity 
resembling the Midcontinent, however, strongly suggests a global 
mechanism such as eustatic change in their formation. A detailed 
accounting of the numbers, thickness, and character of the repetitive 
successions in the Kasimovian and the comparison to the Kansas car-
bonate-dominated succession would aid substantially in the inter-
pretation of their origin. 
Variation in the eccentricity, obliquity, and precessional per-
tubations of the earth's orbit could have produced the 400,000 year 
periods estimated to have been the duration of the Pennsylvanian 
Fisher (1982) contended that these orbital properties 
even controlled during nonglacial episodes and accordingly 
affected sedimentation, perhaps by providing a rhythm. Computer 
modelling of a climatic system incorporating the variables 
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of oceans, continents, and ice sheets indicates that 
there is a natural or preferred frequency of oscillation of the 
glacial event (Covey, 1984). Por the Pleistocene the frequency 
obtained the is 100.000 years. Moreover, a that 
invokes bedrock loading by ice and its subsequent depression followed 
by isostatic rebound of the bedrock when the ice shows 
of the frequency. This in turn provided a better fit of the to 
the actual cross sectional area of restored of ice and the 
periodicity in the depth oriented, stable oxygen isotope 
curves obtained Quaternary deep-sea (Covey, 1984). 
Bedrock elevation, and composition have been very impor-
tant factors in the periodicity of the eustatic cyclo-
indicated for the late Paleozoic. Variations in axial tilt and 
cycle of precision both have shorter periods, but provided only 2nd 
and 3rd order influence during the Pleistocene on the 
eccentricity (Hays et al, 1976). Variations in the har-
of these cycles could have produced irregularities such as 
cycles and changes of level of inundation of the shelf. 
The doainant period for these cycles of 100,000 years is evident from 
the vertical variations in the abundance of oxygen-18 in foraminifera 
in deep sea cores (Fig. 7.2). The curve is interpreted to imply a 
change in sea level. It closely resembles the signature of the gamma 
ray log of the Missourian (see Figure 1.4). The variation 
in levels of inundation of the craton by the sea may have been caused 
by the of minor causative cycles. 
Crowell (1978) provided additional data to support Late Paleo-
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Figure 7.2. Oxygen isotope analyses of foraminifera globiger.= 
inoides Rubra plotted versus depth in a deep sea core from the 
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zoic continental glaciation and that it was the cause of 
doing so with as vigor as Wanless and Shepard (1936) 
did previously. The late Paleozoic ice age apparently lasted 90 
years Early Carboniferous to the The ice 
centers built out and retreated over the supercontinent Gondwana as 
it drifted near and across the south pole. Sea level was lowered no 
than a few hundred each a glacial stage ensued 
in this area (Crowell, 1978). Over 100 repetitions in 
ranging in age Visean to Kazanian in North Europe, and 
Africa were cited by Crowell. Plate 6 describes the probable series 
of general shelf conditions that evolved during one Late Pennsyl-
vanian on the Midcontinent. 
CHAPTER EIGHT 
SUMMARY AND CONCLUSIONS 
The Missourian Lansing and Kansas City groups consist of a dozen 
of carbonates and shale that were deposited across a wide 
continental in the western Midcontinent. This shelf was 
bounded on the south in northern and the Texas panhandle by 
an east to northeast-trending shelf bordering deep water in 
the Anadarko basin. The rates of subsidence in the Anadarko basin 
were high during the Late Pennsylvanian, caused in part by over-
thrusting the south. This subsidence caused the downwarp of 
adjacent shelves including western Kansas but at a lower rate. 
The northern Kansas shelf tilted slowly southward, allowing accumula-
tion of thin wedges of of 
that gradually thickened southward. Accentuated thickening occurred 
in several along the southern margins of this shelf plat-
form near zones of flexure. In contrast, sediments accumulating in 
the Anadarko basin were predominantly terrigenous elastics, much of 
which had been derived the eastern and southern edges of the 
Anadarko basin during low stands of sea level. 
Western Kansas was the site of limited thicknesses of terrigen-
ous elastic sediment because the region was of low relief and separ-
ated by considerable distance from any major uplifts such as the 
Ancestral -Rockies. The ouachitas were not an important source of 
terrigenous elastics for western Kansas because of the separation by 
deep water in the Anadarko basin as well as by distance. Rates of 
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eventually exceeded those of subsidence in the eastern 
Anadarko basin during the Virgilian allowing thick terrigenous elas-
tics to prograde into the southeastern portion of the study area. 
The four zones in this study are representative of the 
Pennsylvanian The integrated study 
of cores and wireline logs provides new understanding of these cyclo-
and is crucial to defining trends of prospective carbonate 
reservoir rock. These resulted con-
trolled by changing sea level and epeirogenic movement on a broad 
shelf. Differential and tilting of the shelf varied appre-
ciably during the of each cyclothem, but closely adhered 
to structure. Local topographic relief on the underlying 
also sedimentation of the suceeding unit. Indi-
vidual must be examined separately to identify details of 
depositional and diagenetic facies and to ascertain the critical 
in structure on the shelf that affected that particular 
cyclothem. 
Marine lithofacies dominate each sequence except in the northern 
shelf where terrigenous-clastic sedimentation was signifi-
cant. Evidence of transgression at the base of the cyclothem is 
limited to a veneer of reworked overlying a recognizably 
eroded surface that is sometimes veneered by conglomerate. Scattered 
organic matter in the subtidal portion suggests lower oxygen condi-
tions were developing late in this transgressive deposit. While only 
a few feet (1 thick, in general, its distribution can be wide-
spread (thickness: width ratio greater than 5 X 105). This carbonate 
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is an excellent as it is thin, continuous, and easily recog-
nized on geophysical logs. 
A shale overlies the transgressive unit; and, although 
thin over of the area, all studied 
thicken appreciably in the northwestern part of the study area. 
Intensity of the natural radiation associated with this 
shale varies significantly across the shelf. The radiation recorded 
by wireline logs is related to the content of organic and the 
abundance of the organic is thought to correlate to the degree 
of anoxia developed over of this shelf during and approaching 
transgression. If levels of maturation of the organ-
ic are sufficiently high in this shale, it is probable that 
this dark-colored, shale is a source rock for some of the oil 
in reservoirs of the Lansing and Kansas City groups (Demaison and 
Moore, 1980). 
As sea level fell, the stagnation on the sea floor ended and 
circulation was re-established. of regressive carbonate 
began with subtidal, open-marine wackestones. The southern shelf 
during this early stage of regressive carbonate deposition remained a 
site of reducing conditions on the seafloor 
and, consequently, dark are On the northern two-
thirds of the shelf this facies was replaced by lighter-colored, 
shallower-water, subtidal wackestones. 
As regression continued shallower-water carbonates--including 
restricted-marine, low-energy micrites, wackestones, high-energy 
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oolites, and skeletal grainstones--were deposited on the shelf. Re-
are generally thin across the shelf. The 
vertical succession subtidal. to restricted-marine 
facies is also abrupt. This rapid change in tacies and the generally 
thin, shallow-water interval together suggest that progradation and 
aurada~ion of alone cannot explain the succession across 
the entire shelf, particularly given any inclination to the deposi-
tional surface. Wave base first reached the seatloor along the upper 
portion of the shelf and certain paleotopographic highs. 
As sea level continued to tall, southern localities sites 
of shallow-water deposits. The I-Zone apparently represents only an 
level of inundation of the shelf by the sea. Conse-
quently, the shale typifying deeper water was only poorly 
developed in the I-Zone. The portions of this pinch 
out before reaching the northern border of the study. 
During the latest stages of regression, the regressive shale 
was deposited. Subaerial exposure preceded or was 
with the deposition of this shale over of the study area. Diag-
nostic evidence of subaerial exposure of the regressive carbonate are 
abundant across the entire shelf including subaerial crusts, 
crystalline pendant root casts, in situ breccia, and solu-
tion vugs filled with internal 
SharP. vertical changes in lithofacies; broad facies patterns 
e•bodied in thin carbonates and shales: and widespread, extensive, 
and prolonged periods of subaerial weathering preclude simple tec-
tonic of the shelf as the sole cause of this cyclic sedi-
409 
aentation. Tectonic movement did vary between cyclothems, however, 
affecting local uplifts and tilt of the shelf. 
these cyclically recurring facies cannot be easily 
explained by invoking a using only facies progradation and 
aggradation on a periodically subsiding shelf. Rather, glacial-
eustatic changes in sea level have a periodicity and that 
are with Pennsylvanian and are concluded to 
have been the cause. Tectonics and aggradation of affected 
but only at a level that is secondary to the eustatic 
changes in sea level. 
During the Early Pennsylvanian two major related uplifts were 
the arch and Central Kansas uplift. These uplifts 
were activated concurrently with others in the western Midcontinent. 
They were also sites of previous uplifts. Second-order deformation 
along these uplifts is, in part, related to discontinuities such as 
fracture in the basement, faults, and changes of rock 
type. Recent hypotheses suggest that these structures were reacti-
vated in response to processes related to the collision of Laurasia 
and Gondwana along the Appalachian-Ouachita-Maraton orogenic belt. 
The driving force for the subsidence of the Anadarko basin is also 
thought to have resulted this plate collision. 
Differential of the CA and CKU with respect to the 
adjacent shelves produced marked lateral changes during the deposi-
tion of each The actual outline of these positive areas, 
as recognized in each did not exactly coincide with the 
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initial, Early Pennsylvanian uplift, but neither did the ances-
tral uplifts of these structures. Regressive carbonates not 
only considerable thinning over these uplifts, they also 
are entirely of shallow-water carbonates 
in Regressive and shales also change in char-
acter over these structures. 
The apparent of the positive areas during Missourian 
was probably a case of subsiding at slower rates than 
the surrounding areas. Subsidence along the southern was 
greater than in the northern region of the study area. Moreover, a 
line of flexure is defined for several the increased 
rate of thickening of the interval to the south toward the 
shelf As sea level fell, tide- and wind-generated currents 
interacted with this break in slope for an extended and 
oolitic shoals resulted. Lobed-shaped bodies of oolitic grainstone 
prograded off highs and filled surrounding low areas. 
Ooids were also swept northward by storm currents onto the slightly 
restricted, lower energy shelf and large bar fingers tens of 
long. 
As sea level fell across the northern reaches of the broad 
shelf, shoals developed on local topographic highs and breaks in 
slope. Tidal currents, however, were quickly dissipated on this wide 
shallow s~elf setting leaving only wind-generated currents. The 
grainstone on this area are typically represented by 
thin-coated or micritized skeletal grains that accumulated as lag 
deposits as a result of currents that only the 
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fines or provided only limited transportation, perhaps during 
carbonate deposits are generally abundant over 
the uplifts and toward the northern. landward portion of the shelf. 
These deposits, however, are thinner than expected if sediment 
aggradation were the only cause of regression. 
The processes that have affected carbonate rocks now serving as 
reservoirs in the Lansing and Kansas City groups are 
plex. These carbonate rocks vary considerably in pore geometry 
because of diagenettc overprinting with development of secondary 
porosity and precipitation of cement. However, the carbonate units 
generally vary in thickness and areal extent according to the occur-
rence of favorable depositional facies. On the northern shelf the 
thin scattered grainstones of the upper regressive carbonate serve as 
reservoir rock. The southern deposits of thick oolitic 
grainstone in the K- and J-Zones appear to offer much potential as 
reservoir rock, but are in effective porosity due to 
They have predominantly oomoldic porosity, 
associated with low permeability. Regional, mappable trends of 
buildups, however, are apparent in these oolitic grainstones. 
Opportunities for thick sections of porous and permeable rock make 
them most lucrative intervals for larger accumulations of petroleum. 
A potential site for continued exploration in the oolite belt is 
on the edges of paleohighs, sites that were not as heavily affected 
by freshwater percolation. Possibly fewer oomolds would have been 
formed and primary porosity may have been better preserved. Also, 
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sites down the flank of the ooid lobes have been part of a 
open hydraulic where there was slow percolation and lateral 
of groundwater over longer distances. In that case, if 
were the porosity could be preserved if 
the carbonate dissolved during the of was dispersed 
to distant parts of the aquifer A trap for the 
could be developed along an updip pinchout or where the location of 
buildup of oolite with a reversal in structural dip. This 
kind of occurrence would be likely to be found on the northwest-
ern fringes of the thick oolite buildups across the southwestern 
study area between the southwest positive area and the CKU. Regional 
dip there is generally southeastward. 
The of porosity on the western shelf north of the 
oolite trend is not as laterally extensive. Porosity is still asso-
ciated with grain-supported carbonates co-only associated with pa-
leohighs, which are co-only overprinted by extensive 
freshwater diagenesis. On the northern shelf and locally over the CA 
and CKU intense freshwater diagenesis also created reservoir rock 
previously tight carbonate rich in lime mud. The reservoir 
properties of the carbonate rocks on the CKU are generally good. 
Influx of terrigenous elastics was also limited, resulting in clean 
carbonates that were co-only heavily leached by intense freshwater 
diagenesi~ and consequently fractured. There are excellent opportu-
nities for future exploration in the Lansing-Kansas City in western 
Kansas and southern Nebraska. The success in finding reservoirs will 
vary according to the degree that exploration strategies integrate 
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110re cores and wireline logs. No-
tably, the distribution of favorable reservoir facies varies in each 
This requires attention to the nature of individual 
in order to decipher the locations of favorable trends for 
drilling. As the explorationist searches for subtle traps, 
incorporation of stratigraphic and data will a 
necessity in order to develop a successful exploration strategy. 
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CHAPTER NINE 
RECOMMENDATIONS FOR FURTHER STUDY 
Recouendations tor further study are to: 1) close-
ly the details of of in local areas that can 
fully the nature ot oolite-shoal over 
the shelf flexure; 2) characterize the in the vicinity 
of the local positive areas in order to detail the transition of the 
black shale to the nonblack or its pinchout; and 3) document 
the erosional on the northern shelf. 
Another very topic of research would be to in 
detail, tor a specific or set of the 
nature of the shelf south of this area of study and also the 
rapid transition with terrigenous, possibly deltaic elastics to the 
southeast. stratigraphy would be of distinct benefit to a 
study such as this, providing a continuous profile of and 
hopefully correlative that could be tied to wireline logs and 
cores the sue as was done by Galloway et al. (1977) and Kumar 
and Slatt (1984). 
The prospects for the discovery of petroleum reservoirs through 
studies such as this are great. The configuration of the carbonate 
shelf to the south and its relationship to terrigenous elastic 
influx to the east could hold considerable for finding quart-
zose sandstone trapped in front of the carbonate shelf margin, sand-
stone that prograded into the area after the margin had formed, a 
setting similar to the Upper Cretaceous Tuscaloosa Sandstone in 
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Louisiana. 
In fact, the fal 1 in sea level and the positioning of the 
strandline near the bathyaetric break along the shelf would 
be conducive to deposition of additional high-energy car-
bonate facies. The of shallow-water, oolitic grainstone 
recognized by Lane (1978) in the fan deposits is one facies whose 
would help to identify the shelf and its expression around the 
edge of the Anadarko basin. The potential of this 
in any case should not be overlooked. Thicker, sections 
could be present. 
Western Kansas should be an ideal setting to continue subsurface 
investigations as described in this report for many Pennsyl-
vanian stratigraphic intervals. Additional core and sophisti-
cated logs wells in this area will provide an ideal 
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APPEX~IX A. 
PROCEDURES USED IN COMPUTER MAPPING 
OF WIRELIXE LOGS AND LISTING OF DATA. 
Wells were selected for mapping which met several criteria: 
that they penetrated the Kansas City Group and preferably the base 
of the Pennsylvanian; 2) optimally a gamma ray log was run through 
1) 
the interval of interest or at least a higher resolution resistivity 
or porosity log run in the borehole; and 3) up to three widely-
spaced wells in a township area. 
The wireline logs were correlated and information recorded unto 
coding sheets. These data were key punched unto cards and later 
transferred to magnetic tape. Data recorded for each of the wells 
are listed in a compressed format in table 2. Table 1 lists those 
fields of information included in this list and the width of each 
field. 



























Sequential identification number 
Well operator, number, lease name 
Spot location. quarter-quarter-quarter 
Section. township, range 
Range direction from meridian (W~wes~) 
Wireline logs available for examination 
Scale of wireline log in inches per one 
hundred feet 
Kelly Bushing (surface elevation-log zero) 
Top Stone Corral Formation 
Base of Heebner Shale member 
Top Lansing Formation 
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12. 5 Top H-Zone regressive shale 
13. 5 Top H-Zone regressive carbonate 
14. 5 Base H-Zone regressive carbonate 
15. 2 Thickness of porous carbonate rock. upper 
H-Zone 
16. 2 Thickness of porous carbonate rock. lower 
H-Zone 
17. 5 Top I-Zone regressive carbonate 
18. 5 Base I-Zone regressive carbonate 
19. 2 Thickness of porous carbonate rock. upper 
I-Zone 
20. 2 Thickness of porous carbonate rock. lower 
1-Zo~e 
21. 5 Top J-Zone regressive carbonate 
22. 5 Base J-Zone regressive carbonate 
23. 2 Thickness of porous carbonate rock. upper 
J-Zone 
24. 2 Thickness of porous carbonate rock, lowe:-
j-Zone 
25. 5 Top K-Zone regressive carbonate 
26. 5 Base K-Zone regressive carbonate 
27. 2 Thickness of porous carbonate rock, upper 
K-Zone 
28. 2 Thickness of porous carbonate rock, lower 
K-Zone 
29. 4 Maximum gamma radiation, H-Zone marine shale 
30. 4 Maximum gamma radiation, J-Zone marine shale 
31. 4 Maximum gamma radiation, K-Zone marine shale 
32. 5 Base Pennsylvanian 
33. 5 Top Mississippian 
The data file, herein called the input file. was transformed to 
a set of plot files corresponding to specific isopachs of individual 
zones, larger interval isopachs. e.g., top Stone Corral to base 
Heebner, structural contour maps, ratio maps of thicknesses, and 
porosity thickness and gamma radiation maps. The maps chosen have 
been illustrated throughout the Figures and Plates 3, 4, and 5. The 
calculations are trivial but numerous and computer processing and 
display are most advantageous for analysis. 
Initially, a short FORTRAN program was written as a batch job 
to create the plot files. Modifications to the file required 
loading the tape to disk and editing cryptic lines with a text 
editor. Later as a for large files of subsurface 
data the FORTRAN was expanded to utilize the 
interactive CRT editing on Data General MV/8000 
Now both generation of plot files (stratplot) and update of the 
input file (stratupdt) are possible in a shorter 
The listings of stratplot and stratupdt are found in Table 3 and 
Table 4. 
I indebted to the progra-ers who assisted in the design and 
those rather Richard Brownrigg pro-
vided the first level of sophistication to the progra-ing, Owen 
Spitz developed the subroutine to the spot and section-
township-range location to latitude-longitude coordinates. Charles 
Ross and Joseph Brentano wrote subroutines to the 
latitude-longitude to an X,Y coordinate that represents 
inches on a conic projection of Kansas. Young 
Chang and Stephen Cheng updated the programs to accomodate changes 
in the computer operating system. 
After the plot files were created an error checking was done 
both visually and using the error analysis option of SURFACE II. 
Contour maps were originally prepared, but later it was realized 
that the patterns were readily interpreted when examining the 
maps on a regional scale. SURFACE II again provides an option that 
creates using bands of characters on a dot matrix printer. 
Contour level, size or scale of map, and type of printing are given 
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as options in the program. Color graphics generated from the grid 
have been particularly effective assisting in visualizing variation 
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lll8C. Ho ACAII I FUNK CSCSCl81al5WCRllSP 5.l,56ol002.J20lolZ,1.JJ•J.J555. -1.lOOl.l411o 
lll911lCD (Ill I SC~ltf(~WS[NWl6161~WGRNC 2.,,,,~.1ooa.J1a,.12,,.,,, •• ,!1,. -1.,1,,.,,11. 
IIOOlllNSIWlll• lo SN1t(N(SWSWO~l616W,RN 5.1919.lll9.lll1.l191.JllO.l49lo -1.llll.ll52. 
lltlJ. Ao ALLISON 1 URll~WSCNWIOl•l6W~HN,c 5.195•ol065.ll6lol220.Jl51.l5l8o -1.11,2.Jlra. 
ll42SHICLOS Oil I SIRlP(~WN[SWldlbl6W,RN 2o519~t.lO~l.ll9lol205oll11.l5l,. -1.ll8lol402o 
114lJlf HCC Oil 1-B RCIN!C~,N£0ll6ll•CRNCC ,.!195t.l091.l205.l251.Jll!.35JJ. -l.ll.D.JOllo 
lltOFRONll(R Oil 1-1 $1[Swr~~S.l>lhl1WCRN 2.~210'1.IIJZ.llt9.JIOI.J4l6.35'6o -l.ltl9.Jo60. 
tl•SKAISLR-FRA~. I-A ;.~2011ell,Jel2JieJ212.l•21.!~••• •l.l•2~.l,,6. 
11,6JOHN F•~"- l e•H~ !~s~s~O~l,,IH~CRN(( 2.~1,1,.,1~,.J221.i2r,.1,02.l)60. -1.J,OL-l,2e. 
11,71,-;>flo\lAL OIL ,_, HLM•w~W,,.Wl11blHW',HN6 ·-~1,11q.112a.12111.J2ft,.JJ'92.J~•·· -1.JJ'h •• lui.. 
1 t•A•- I "LAC" l L. l c;J1,h,tCj,l11\1'lf.!l1',lfft.-li"NlJC :.!:201,. -1.l2,o. ,1oc.:H2f.Jt-Ol. -1. ,,1,., ...... 
114~J. l. l,lll!O~ 2 CLCH Cw?N.}llhlHk~~Nt ;.~2C•9.tlf2eJ2~4.JJO••l42 •• l~6,. -1.J,J4.J4~h. 
ll!>OCtlNJON tlll 1-V p;Lt•NSwm:s .. 02H1l~Wi::tlNN ;.::.201'J.12i1.J2t..2.uo~.J•J4.l6l2. -t.l4lfl.l•~·-
1151f & • OIL I CMANA• [~[2s.~r1.1,w"RN !.20J2.12,1.ll26.Jl10.l511.3121. -1.1~1r.1sJ1. 
11'.:>2k.OCK ISLlflC J 011,o•c•w'S'..SWJ2lhl~Wt.ANC. 2.~201,.12 1J6,.JJe9.14l4.J:iJ2.,!Jc,,. -1-l~,~-J!)<j ... 
Jl~JROCK lSLA~C UhNPIAC~L$WSMJ2l~l~w~HN ,.~2D•ft.t2~,.lJil.J,,2.J~r,.J112. -l.J~eJ.J•o~-
11500. SLAWSOh 1-d t•Oll CN[N[Oll62&•CRNLL 2.~2IOJ.ll66.J004ol40lol51~.J1,4o -l.l51I.J60lo 
115~0. SLAWSON 1-0 Jl•~I CSWN[IJl.20WGRN,t ~.21,2.I065.l554.l600oll00.4056.405l.Jltl.l16~. 
1156RIY"Oh0 Oil 1-A SllP5ES•S•2Jlb20W~RNGC 2-52120olll0ol051.l50lolltl.)901. -l.lbt6.J66J. 
1l~JPICK~lLL l·C ~- K[hO CS•S•IIIL21•GRSP~ 2.~2210.1~•-J~o.110s.3a.5.,210.021,.1aso.Jara. 
11~8NCAA I HOW(LL C$lStl•l62IW~RR ~.2!J1.1,,o.~111.111,.1~11.,2,1.42ffJ.lffl•-l9JJ. 
tl!>qGf'AVf.5 CRU;. 1 IIYP'AN c.-;[N~04Jt,.!2 .. l.ANGC ;:.~2!9~.1,,0.!178 • .ldll.l962.,JJJ.,.n1 • .s,e.u.1,11a. 
1160N•T• :IL I !.l\l(~.~~ln?2W~NN~ ~-2J~0.1112.3720.Jl~f.!,oO.•J2J.,l2!.l?OJ.J•2de 
1161N.l •il..l~:iPIAP\ 1 Ml.~SLL (l•:..~~~•1,,,2.,i,1,Uu,c ·-~-•Jr.lll8.J1SSO.)Ri0.,01,., .. ,,.,,,4.,o,".,o .. 2. 
llfi2MAYMt:fH.I Cll I lJl,t'E-(A C'.-i.lJW\~lt.i;:'IIGALL~;.!,:C!~H.161l.J111 • .lltlE.!'i.,'ie4\l8.,,r,.i'lbl.l-.R•. 
11 £,.U) AL QI( I P\IJ , .. ii Sl:ttt. 1-4 ,· 1 ~.r·;l ~I J 11 ·,.' .lw1,H"11GC ~-; 411 L'•. I Rt 411 • ,,,. \N 1 ! .,01 c., • • • .H •• , .l4. 4(;2 ,_, o,·,. 
llf.•f'fl. lNC. 1-,. rLA• '-'-oil~lill>Jlu!•W·JHNfl ~.2:,~:.'.l'fOb.lftH0.)~2'J.,Q8C.,~;a. -1.,0-,1.,101. 
ll6~Pt:I\Ll5l1l·t'> I hO-t(t,U~~-~L~.,·,1£,'l,.j,tN{ !.,~,i.lB•~-llial. \'fo~.,Ob! •• 412. -1.,oc.,.,oRr. 
1166f'tt. INC.~ '-All" C'i,,.Stlll•1~'-•WGf4NR ":.2!.t•.lq'>l.l'111.1'2l.,O'f2.,~IR. -l."U'il,.411"1. 
ll6rf'AIA1C~ p~,. 1 •!t•N" Li~S-lol~i~~l,R~C ~-2~2~-IKK8.,A~8.J~~~-•o~•-•~o~. -1.,obc.,o,H. 
116ACHl"f 1)/tL~- U P"lU-•t i:.,z~.l~l1.l'.Jllllt;KN !.2~10. -l-l8\':l.l87~-40,,.,.'j2.,4'J2.,1:i'-1.?.,o,j. 
IJE,q ... c. hOOVLil l lolJllC ,, .... J .. 211,2~1,HiHNGC ~-2~t,rt.l~~J.lli':Jl.\8,1.,011.,~oo.,~00.,orr.,o'f~. 
1110H. c. t,OOVlA 4 (,uLIC c-;-1s.?'H1,2-::iw~MNCC !.,~1·,.t<J•~-J84l.UUU.40bl.4.,Qb .... 06.4012.40iO. 
1 1110.c • .iLA~ scr. I-' lhON- >r N O 'l ',llt111r.PNtoC ~-2~ 1H,1. 201 a. JR">'• 11100.,ot.2 • 4, ':18. , ... ,. •obe., 08 ,. 
ll12f~~NO(AHlRC I-{ l\ll (~~N•lJlh}EWuRNLC !.2~••• -l.JH2 •• l8bt.,oJ,.4~00ei~Q0.40J4.4110~4. 
117 lf HIJNtlERB J II C 1-A nCRC'-!t. SL~•? l l ulbWi.JMN !i .;i .L. 20b8. J4JI 1. J i'l6.4 l l f. ,~e.4. 4'::.b4., l 28.4 l •t.• 
lJ140.c. \L••lC• l-A VttS,SWN•Olll,llW~ANLC ~-~4tiJ-l~J~-Jr20.J1~~-!ilt.,1b,.,J~•-J•,~,.J~,h. 
117"'iAAl~'HWILL. 1 11.:..t.tl(~l :;~~-llJ'oll11hflNC....: !.2,.-c,.21, ... 2.J'l,,J.,001.,1c.2.41:,1.).,(,JJ.•1-.1.,1HK. 
JIH,o.,. ':UIICt. 1 llAILlY •-!2f(0.20,1.1-.11.l'f'jfj.,t:!,.,. ':Jl.,~.,e .. •12N.,1, ... 
1171 Alt[RC"OMd 1 l l SN4.fl.l l li11;.: ~Ho, l1,:~8Wl,flfff,C ~- 2! f' 1. ~.JI,•• .l 1'·h l ! • !Cf~1.' h 1,. Cl JIS( • .l'IL l. Jq,t,. 
111,u. s:cu flll(... 1 lllh~"i:::.,c--1q1 .... .?11wr,R~Ci, ~-21'::.f,.21t,f..J'i0'>.)'f,r.,11,.,!IJQ.,•J:,o.,11u.,1,1. 
11 l'JA(I[ RC Ir I I ~c 1H n•111N•" o: l :,;z 1:ht..,PH 1: • 2G 2"J. 204118. 3 7 l't. J 111. !'i~·• 4J 7'i. 4 ! P' • l'l~t,. l'fRO. 
l 1001 t-U~OI RH•~[. 1-l J1 "~h1,1';,,Hh,J 11..,~'7',h,'IPH.,( :. • 'l E: J .. :! I,,. J·H4. l,t,\ ! . ,o, 6 .,, 'i2. J. ,ot.u., Q,4'. 
ll8lCt41ft- JHLlj. 1 Jlhhl~~-,,.[~i.Jo1·.~-1,11..HNC.C ~.;r .. J ... :':'-:'4.J'trt,.)'t,'.tQ.40'Jl.4~!0.4~lC.,10".,110. 
l-P. ~OlP"tP c:;.1N•111,,10.~.,,. ~-27fl'f.il'12.lH•H- 1'18J.,o!>r.,460., .. e.o.,ot., .• ,oq1. 
ll~lVlRGl~I• UHL~- l tAA~lS~~~/~lbJOWSPA ~.:;,.•~-1,~•- -1. ~q,a.,12t.,·,L,.,~~•-•1j2.,1,,u. 
I IR4H.A. CH•Pfll•N l tARf( C,.CNi.lOlb.>hH,NNGC ~.2ti'J~.2J01 • .lf00.l'140.,ll4.\~bi.1'.lb't.412'2.41•,o. 
11B~IP[qC~OR~IE l-A S~IL CHW,.!15l6JIWGRNGC :.291b.2JJ2.lil2el)7l.4l41.,tt8.,tlf.,l~l.4IA~. 
1186~1LLO~tt-N. I ~.t,Rf(A•~MWNf,2l~JlW~RN6C t.2,,4.2lJO.Jq29.J'f11••1~0.4bl~.,bl~•4l~ft.4ldM. 
I lll&UCRCRORB I( I 'UVlS CN[ lolUi,lJS~AN6C .29010131 •• l'JO. l98C 0416 !.06ll.'6llo 41~ J.t I 9'J. 
IIBBTH[ h(fN[R I KO(HN CS(SCll16l•w,asRC 2.~J11,.2,10.J985.002l.0211.,1ro.01ro.,221.,256. 
11890.R. lA~t• I CIRSCR CNWSW25lbJ•W6R5MC •• ,110,.2,22.J9r2.,01,.02or.,,,, •• 1,,.0210.,20~. 
l190ANADIRK0 l-1 HON(Ylo( CS•NED116l1•SPA 5.Jl95o2605.tOSlo4l02.•lOl.5060.~060oOl01.4ll&. 
1l91PHllllPS I N.W. Ltll CNWS(l216JBWGRlla 2.530!~.2615.005~.0lll.oJ04.5Dt8.5048.tl08otll6. 
l-1 ••• CNES•or1,,owSPR6R 2.5!(69.2651.oo:,;,.,101.,JOZ.50l0.50J0.0101.oJ12. 
119lJOHN KIU( 5 2.5 -l• -1. -I• -1. -1. -1. -1. -1. -I• 
1l90GllCKRAa Oil 1 BURCHSWNCSClllJOIWGRN •• s11os. -1. -1.2oa,.22,2.2,5s.2,5s.22,1.22,s. 
ll951ll0DIN PCT. l 0LSC-S•S•N•Ol11~2WSPII 2.,1~1,. -1.2~z.2Jo0.2!01 •• ,,,.2,J,.2~11.2~JI. 
11,,1LADOIN PCI. l -1.2oao.2J11.2!11.2,,s.2,,,.25or.2s21. 
tt,JNIJ. ASIOCe I .. UiAN 1.1:2:,.~ •le229••2~15e211,.!&6S.:H63.2&18.26"1A. 
o o -1.121.e. 12,1. o DJ21!1.Jnu •. 0 - I. l 
, 0 6J.ll~l.ll6•• 6 0Jl69.ll9Do our.1 
• 0 96.JlJJ.JJ••• e lll•A.J!JO. Ul5ol 
• 0 ., • .1,1•.J•J•- • 01,J,.J,~2. I H.J 
l II ll.JOllolUJ. 0 DHllol•''2• IIH.J 
J 11,s.n~.JJ••· 1 OJJ10.ua1. 1121.J 
o o ao.1110.1,00. o 1101•.>•21. 0 51.l 
0 0 -l.ltOO.JOl6o D ll419.lttl. I -1.l 
0 0 ,o.un.J'29. 0 110,.1 .. ,. 1 rs.> 
0 Olll.1 .. 2.1'16. 0 OHIO.l'99o 0 96.l 
2 0 d8.J441.Jt6J. 0 Ol•6~.J•8•• I 11.l 
O DI OD.Jtl2.J"~• 0 OH50.Jt68. o rr.J 
0 0 BJ.lHO.H)I. 0 OJtll.Jt~a. I ft 1.) 
D u "o. J ••111. -1. ! Ol4•~.l•'1~. 0101. l 
0 D 90.\t'wl.lHl. 0 '0Jt16.l091. 0150.1 
0 0120.Jt<,2.Hl8. I DHl2.l501ol0 Olll.l 
0 0102.no1.l:.5•. 0 01562.HIB.ID 0102.J 
0 0 •••Jt.OO • .!:al&. I JjL22elt.••• 1 llOJ.J 
a I 11., ..... ,.2&. 0 elblO.l•~•.12 0 ''-l 
0 0 ,6.J605.l62l. 0 Ol621.J651. 1 lll2ol 
0 0105.JJU.lllt. I OlJU.lll•.11 OIOl.l 
0 ,,.1,r2.i,1r. I Ol690.l1ZO.II I 15.l 
6 0 r,.1111.,a,o. o 011,a.1122. , 11~,.1 
0 0094.1941.)~bO. 6 Ol'J10.J99~. 8 0091.J 
0 OID1.J9q2.tDID. D Dt019o404lo I 0122.4 
0 DI Oi.31 ll. lStl. 4 Ol1t.1.lUO. 8 01 Jl.J 
o Dl 11.,0 .• b.,IJ'IJ.. o o,o.,~.•111. o 21,0., 
0 0 'i2.l't'IO.,oo,. D DtOII.OOJI. 1 0 ., •• .i::-
0 0 qJ.10 ,0.4.Jb<J. , a,o,~.40,1. l 01 08., 0--
0 I l., Ill•• I 111. l 041J1.4lh~. • &,., w 
Ol~1.,0·1J.•lll- 1 0,11,.,1,1. oa,, •• 
o 0110.,11,.ui". o 0,1,0.,110.12 o ,,., 
o 0110.,oo-to.uo1. "' o,10.l.,111.11 021~.4 
.. D -1.,01~.,100. 0 D4IOL.\l2•• IO -1.t 
O OIOM.1Q·1a.«1112, .. \ 0•111.41~0. I Olb}.4 
o 0121.,o·,,.,11B. • 0,121.41,,. o ee., 
0 0 l O I.., 0 'tO. , l 111 • I D • I 2 ) • ti• lo O 021 0. O 
o 0111.,0 -~-•o••· o 0,0,1.,11">. I 0210., 
U O b\.4l4'f.4ld0. 0 o,1a,.,,o~. 6 011.0., 
J 01 )l.}·f4'1.JJ1'ie J 01,ai.,001. a 0120., 
0 0 "'··••11., ... ,1. , 0~221.,2~2. o J110., 
l 01,1.,1·,1.,1'1,. o o,1aa.,210. 2 0120., 
o 01:-u.11!2.,,11. o 0•011.,01111. o 0220.4 
0 OI0~.,1,1.,1,,R. 0 O•llJ.,l00.11 01(.'j•• 
o 01",.J-.•10.,0,, ... o 0,011.,011.u 0220., 
0 Oltatt.,odl.4110. I 0-11,., •• .,_ 0 0110., 
C OllO.,ti'-.41"'l~. J C4111'.JJ.4ll'lu. 0 0201.4 
0 0 flrt.•O ,r.,u11. g 0,12,.,10:.0. 0 0120., 
0 0 -l.Clllt•"l••l'll. 0 4'4111~.,;,:",. D 6 -1., 
l O 'fl.4l'>J.,11,. :! 0•1110.,201. 2 Ol~.2-4 
l Oll~.,1a1.,~08. 0,21,.,2,0. 2 010•-· 
0 DI 10.,1,1.,111. b4?1,••~·'• 0 0210., 
0 01 Jl.,201.022,. o,no.,21 r. a 0210.0 
0 t ~9.0260.0112. 0,21,.,11,. 1 0210.0 
o 0210.,2 ... 0210. 00210.,211. o 0210., 
O O -l.tlOJ.•l6l. 00J12 ... 0J. o o -,., 
0 0 -1.,1,0.,l~O. 0,1~0.o,a,. 2 • -1., 
D 0110.4lll.060. Dtl62.0J98.U 0200.o 
• o ,i.. -,. -1. l -1. -1. • 02,1. 
o o os.221a.21oa. OlSIOo2J,o. I 0211.Z 
0 0 -l.25lt.2S60. 02s,~.2,21. 010 -1.z 
a 0111.2u1. 2560. l2561.2,,o. lll)JO.z 
• , as.2102.2rza. 021,1.211,.21 1101.2 
11,a,~[ l(.JS ca. I Htt•~2S~S~J•11u•~~-" z.~ll4A. -1.10,6.2210.2,,,.2,20. -1.2•~•-2,, •• 0 I -1. -1.z••·· a •z•••-2,1,. I I -1.2 
1199CONflNUIAL I llllSc•s11.cNoO~IIOtll.ANG 2.!1622. -1.2~20.210,.2a~•-J161.JIU.21:.~-~ft1J. 0 0 I I -1. -1. 2 IIRo.2 
l200CONflNUIIL I JOh•SO CS[Nll09110fllGANG 2-~1511. -1-24119.Zf,81.212'. -1. -1.201.21,:.. JO 15.u ... 2111. O 01112.2u2. , '215-2 
l2DISH[NlNDOlH I Ao G•o, CSCNII05110lWGANA ,.51614. -1.2:.ra.il4lo2814ollll.Jlllo2181.2901. 012 •••29l1.2tJ•• I •2tl8.2tllo 
1202CllllS S(Ao 1-C AOlLNLSLNLl••IOlWGANlL :01612• -l.26,lo280lo2966.J265oJ2•5•2tll.2t8J. DI t0.291).JtOJo I OJOO•oJO•J• 6 tl2J.J 
•20Jo.a. SUIIOl • •oo,1•s•SCN•21110lWC.NN, 2.~110:.. -1.260,.2,:.,.29J5.J2•s. 0 6 s1.2,~.2,10. 2 a2,a2.Jo11. 5 I 10.J 
.204l£0£N OALG. I INOA(IINIINCSC04•1D8WGANC 2.!.169. -1.2614.2~21.2~14.Jl~J. -l.29IJ.J002o O 1111.JIOI.JOlt. D 0J022oll61. I 1251.J 
120:>f IR Oil CO. I AAIHS•S~SWOtllOIWGRNC 2.!1112. J:,5.26t6.281Q.2990.Jl95o -l.2ttl.JDOl. 0 tl.JIH.J122. I OJ021.JI••• I 6221.J 
12Q6CONllN[NllL I UAKtR r.s~s,2111oew.;NN --~•n:.. IOl.16U.28l8.JOO!.J222. -1.JDU.JOII. I :.o.JOII.JOJI. I OJOJ60JD12. t 1121.J 
1201CONtl•u.tJL ll-tt J ....... ,.t.s111,11081iliRN ·-~ -1. -1. -1. -1. -1. -1. -1. -1. -1. 0 -1. -1. -1. O I -1. -1. £ 1 -1. 
120RWCSICNN Pll. I KNLSCS[SlSC0'1 l0911~AN, ,.51811. •~0.11~5.2928.J08•.J29~. •I.J08l.J09l. I tO.JIIO.JIU. I OJll•.Jl51. J 1155.J 
l1G~Cllll~ Sll. 1 w~~~ll.fN~~'l9llO,w~MN ~.1111. -1.2150.2aaJ.JOlf.l205. -I.JOJ9.JO~I. 0 ~2.so~~.10.,. I 0J068.JIOJ. 6 ,,o,.J 
1'10A .... c~-lS CNIIIN.2H1U~ .... RNA 'l.111.). -1.211 .... .,.~,.Joo,.]11,. -&.JllOI.JOl ... 0 aJ.)0.?t.Jo,,. O OJ0••-10,~- > 111,.) 
1211Pl(MOLLLIII '"l· l lh( C4-1:,Lll.'lllCl",-'~N .. c~;.~1,.;.·2. -1.2Ht•J.l')l,.Jo,1i.J2Lb. -1.J10,.J11u. 0 .. ~.Jlll • .JlliJ. 3 D4lJ;!.)Jbb. ~111'10.J 
121?CIIHS SL~. ••·I >OGS~N~NcllllllW~NNN 5.1~~•• Hl.H,\J.JIDI.J2'2.JJU. -I.JHS.J2,1. D 16.J2M. 121,. D 01211.HIJ. ) 5141.J 
121JPAN ,~~~•c•~ I SOl~[!lS~~-211111wGRLL~P,.~1~•1- -J.2Al2.J0ll.Jl41.l212. -l.ll5~.JlbL. 0 ,1.Jl6 ... Jl~•- D 011a,.J220. 0 012,.) 
t?t,PICK•CLL •·• \[l~[Fil~.N•~ lJllll.GMNCC 2.~1,u. '-.lB.2 .. 1J.JD.J,.J111.]J.S8. -1.111,.J,ab. 0 ,,.11111 • .s:-02. 0 01202.12u •• • llJO.J 
•21~"lYflllC·S•I IH • ,na2~u .. ,021112wGNN •• ~1•~2 •••• 29~9.JOA0.)222.JHI. -1.J22,.J,. •• • ll.J2•~.12,1. 0 Ol2•1-J290. I 01:,,.J 
•216"FNNolROfCRIS 2 HO(f£2SWN[l21l12W•RNG ••518JO. l12.29lb.)0~1.J2JO.JJ•2• -I.J2J2.J25D. 0 t6.J252.J2•1• D ll2ll.J2t•• I 11•2.J 
•211lM8[R Oil I HOl Ilk[ CN,OllllJW',kNC ~.1,~•• 81l.J08l.)IH.JJll•HI•• 0 ,o.JJl2oll ... 0 OJJ ... JJlO. O Dal.l 
•:iaR• I [ PEI. l·C ROHl,.NIIS[Sw•••IIJW6ANoiC Solf'2. 16 •• l005.HO•.J2l5.JH6. -•.J2J1.J2~~ 0 tl.l2b0.J2ll. t Dl21J.UOOo I llll.J 
12.,JHAC[ 6. Oil I •A>lE!l~E~l01.114WGANGC !.l,~6. 911.llOJ.lllO.Jlll.J•JJ. -1.Jllt.JJJ2. 0 08~.Jll2.ll•'• O OJl•t.lll •• 2 I tl.J 
1270~UNA&Y·Nl1, CONNOM !w~wsw21111•woALLSP,.~11,,. ea2.J056.lllJ.J2l~.JllJ. -1.J211.J2,1. 0 I·•· -1. ·•· I OJ2t,.JJ06. I I ••• l 
l22JAfN F. 9AA(I( l SL1Cllt.W~W5~Q•Jl '1::tWGRll 4-511!)9. -t.!l 11H.l25,.JJ••-J~'),. -1.ll9J.l,oa. !) 0 -1 • .s,11 • .>,21. O OHJo.1,,,. I I -1 • .s 
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Table 3. FORTRAN Prosr- ListinK of Stratplot 
• • • • • • 
• 
; proer- stratplot.recoded 
author: chenK, -1 leunK 
date : US, 1984 
purpose: this proer- is to recode the stratplot 
so as to -ke it work under both the data Keneral 
and the zenith too. 
oriKinally, it only works properly under the 
dasher 200 
for the function, it serves the 
function as the stratplot does . 
ici t inteKer(a-z)co-on 
standard_plot(l0,7) 







ion screen_buffer _1(7), screen_buffer _2(13). 
• screen_buffer_3(12) 
temp_plot2(26), temp_plot3(23) 
: open files to do console 1/0. 
open 10, ••ouTPUT' ,ATT•'S0' 
open 11,'•INPUT',ATT•'SIB' 
·--------------------------------------------• 
initialize forms packaKe: call sterm. read the first form 
Display it and enable edit (DSPEDIT). 
,---------------------------------------------
write(l0,721) 








722 format(' HAVE YOU TYPED I!'i THE CLI COMMAND YET') 
723 format(' )CHAR/OFC') 
724 format(' IF .SOT. PLEASE TYPE "X" TO EXIT THIS PROGRAM') 
725 format(' TYPE THAT COMMAND AT CLI LEVEL AND THEN') 
726 format(' RE-EXECUTE THIS PROGRAM AGAIN') 
727 format(' JUST TYPE ANY OTHER CHARACTER TO CONTINUE') 
READ(ll,102)DL1MMY 
102 FORMAT(Al) 
IF ((DUMMY .EQ. 'X ').OR.(DUMMY .EQ. 'x '))goto 939 
call sterm 
call rform('stratplot.l',error) 
if (error .ne. 1) go to 900 
10 call dform 
call fmode(error) 
if (error .ne. 1) go to 10 
check user's input - at most one field may be chosen. 
if more than one field is chosen the print an error message 
and re-display the first form. 
field = ' 
flag = -1 
do40i=l,7 
call gufld(i.field,1) 
if (field .eq. ' ') go to 40 
20 if (flag .ne. -1) go to 50 
30 flag = i 
40 continue 
go to 60 
normal exit from loop, continue processing. 
·-------------------------------------------. 
50 continue 
error more than one field was indicated. 
have user try 1 t again. 
call blm("PLEASE SELECT ONLY ONE FIELD - TYPE 'NL' TO TRY AGAIN") 
read( 11, 16) dummy 
16 format(al) 
go to 10 
60 continue 
check to see if a field has been chosen. if flag~ -1, 
then no field was indicated, meaning that the user wants to 
specify the content of a 'non-standard' plot file. therefore, 
must read second form and display/edit before proceeding to 
section 2. 




: standard plot files. so proceed on to section 2. 
if (flag .eq. -1) go to 90 
fieldcount = standard_plot{l,flag) 
do 80 i=l,fieldcount 
plot_description(i) = standard_plot(i+l,flag) 
continue 
go to 200 
done, go to logical end of this routine. 
non-standard plot file is wanted. 
read second form and display/edit. 
90 call rform('stratplot.docu',error) 
if (error .ne. 1) go to 920 
366 call dform 
call fmode(error) 
if ( error .ne. 1) go to 366 
ca 11 guf ld( 1,dumf ie ld, 1) 
; now start to generate non-standard plot file 
call rform('stratplot.2.1',error) 
if (error .ne. 1) go to 920 
; form not found - error. 
100 ca 11 dform 
call fmode(error) 
if (error .ne. 1) go to 100 
get input from the first temporary buffer 
call guscr(screen_buffer_l) 
ca 11 unpack( screen_buffer _1, 1, 7, temp_p 1 ot 1. 1) 
now call the second form's part II 
' 300 call rform('stratplot.2.2',error) 
if (error .ne. 1) go to 920 
301 call dform 
call fmode(error) 
if (error .ne. 1) go to 301 
call guscr(screen_buffer_2) 
cal l unpack( screen_buffer _2, 1, 13, temp_pl ot2, 1) 
now call the second form's part III 
' 302 call rform('stratplot.2.3',error) 
if (error .ne. 1) go to 920 
482 
303 call dform 
call fmode(error) 
if (error .ne. 1) go to 303 
call guscr(screen buffer 3) 
call unpack(scree-n_buffe-r_3.l,12,temp_plot3,1) 
'. now map the three temporary buffer into the working buffer 




here comes the second temporary buffer 





the third temporary buffer 
r "'41 
do 306 k = 1 , 23 
plot_description(r) 
r = r + 1 
continue 
temp_pl ot3(k) 
; now we work with the plot_description buffer 
j = 0 
do 120 i=l.63 
if (plot_description(i) .eq.' ')goto 120 
110 j = j + 1 
plot_description(j) = i 
120 continue 
fieldcount j 
200 call fend 
call filmgr 
; should never fall through here 
;******************************** 
'missing forms' error messages ... unrecoverable error, fall 
through to wrapup. 
900 miss form_no = miss_form_no + 1 
920 miss_form_no = miss_form_no + 1 
write(l0,930) miss form no 
930 format(' fatal er;or!',/,' form #',il.' is missing from library') 









this subroutine is modified by: 
cheng, wa i l eung 
date: march 16, 1984 
purpose: please refer to the original pltgen document 
subroutine pltgen 
implicit integer(a-z) 
common fie 1 de aunt, p 1 ot_descr i pt ion( 63), pl ot_datum( 63), datum( 26) 
dimension structures(14) :indices of the strcuture datums. data structures/2, 3, 4, 5, 6, 7, 8, 9, 13, 14, 17, 18, 22, 23/ 
dimension carbs(3,4) 
data carbs/8,9,5, 13,14,9, 17,18,14, 22,23,18/ 
dimension iso(2,26) 
data iso/2,3, 2,4, 2,5, 2,6, 3,4, 3,5, 3,23, 3,6, 
4,5, 4,23, 4,6, 5,23, 5,6, 23,6, 5,8, 8,9, 5,9, 
9,13, 13,14, 9,14, 14,17, 17,18, 14,18, 18,22, 
22,23, 18,23/ 
dimension zprcnt(2,4) 
data zprcnt/5,9, 9,14, 14,18, 18,23/ 
do 190 i=l,fieldcount 
; is next field a porosity-percentege-gamma ray? 
if (plot_description(i) .ge. 41) go to 60 
;is next field an isopach? 
30 if (plot_description(i) .ge. 15) go to 50 
,------------------------
' 40 j = plot description(i) ;j is index into structures array plot dat'7m(i) structur(datum(l) ,datum( s true tu res( j))) 
go to 190 








go to 190 
if (plot_description(i) .ge. 44) go to 80 
if (plot_description( 1) .eq. 41) 
.. datum( 10) ;porosity-upper 
if (plot_description(i) .eq. 42) 
plot_datum(i) = datum(ll) ;porosity-lower 
if (plot_description(i) .eq. 43) 
* = 
go to 190 
• 
if (plot_description(i) .ge. 48) go to 100 
carbonate percentage for the selected zone. 
j = plot_description(i) - 43 ;adjust index 
p lot_datum(i) • carbonat(datum(carbs ( 1. j)). 
da carbs(3, j))) 
go to 190 
into carbs table. 
datum(carbs(2,j)), 






: porosities of the i zone 
if (plot_description(i) .eq. 48) 
plot_datum(i) = datum(15) ;porosity-upper 
if (plot_description(i) .eq. 49) 
plot_datum(i) = datum(16) ;porosity-lower 
if (plot description(!) .eq. 50) 
plot_datum(i) = sumporos(datum(15),datum(16)) 
go to 190 
120 if (plot_description(i) .ge. 55) go to 140 
;zone percentages - ratio of zone to entire interval. 
130 j = plot description(!) - 50 ;adjust index to zprcnt table. 
plot_dat~m(i) = zoneprcnt(datum(zprcnt(l,j)), 
datum(zprcnt(2,j)), 
* datum(5), datum(23)) 
go to 190 
. 
140 if (plot_description(i) .ge. 61) go to 180 












if (plot_description(i) .ge. 58) go to 170 
: j zone poros 1 ti es. 
if (plot_description(i) .eq. 55) 
plot_datum(i) = datu11(19) ;porosity-upper. 
if ( p 1 ot_desc r i pt ion( i) .eq. 56) 
plot_datu11(i) '"' datum(20) ;porosity-lower. 
if (plot_description(i) .eq. 57) 
plot_datum(i) = sumporos(datum(l9),datum(20)) 
go to 190 
; k zone porosities. 
if (plot_description(i) .eq. 58) 
pl ot_datum( 1) = datum( 24) :porosity-upper. 
if (plot_description(i) .eq. 59) 
plot_datum(i) = datum(25) ;porosity-lower. 
if (plot_description(i) .eq. 60) 
plot_datu11(i) = sumporos(datu11(24),datum(25)) 
go to 190 
;gamma rays for the zones. 
if (plot_description(i) .eq. 61) pl ot_datum( i) 
; h zone. 
if (plot_description(i) .eq. 62) pl ot_datum( i) 
; ; zone. J 
if (plot_description(i) .eq. 63) pl ot_datum( i) 





;end of loop 
190 continue 
done .. all datums have been computed for this record 




this subroutine is recoded by 
cheng, wai leung 
for the reason that there is no original coding stored in 
the tape 
and make it be f77 program so as to be compatible with 
the recent system modifications. 
for the program function description, please refer to the 
original filmgr documentation. 
486 




c?mmon fie l de aunt.pl ot_descr i pti on( 63). plot _datum( 63), datum( 26 J 
filename(20) 
dimension spot(3) ;store the master flespot location. 
data master in, plot out/2•0; 
real long,l~t.x,y ;r~l variables for the calculated coordinates 
double precision dbl_long,dbl_lat ;ctrll expects d.b. coords. 
callsetlc 
write(l0,10) 
10 format(' <14>ENTER FILE NAME FOR THE PLOT FILE: ') 
call RDLIN(ll,filename,returned,error) 
call check(error) 
BYTE(filename,returned) = '<NUL>' 
open 2,': udd: gi. s tra tos: s tra tma ster' ,LEN=l50,ATT='RE' 
open 3,filena11e,ATT='SO' 
write(l0,12) ;caution user that this takes a short while 




master_in = master_in + 1 
call pltgen to do the work of interpreting the input 
of the user and producing the desired datums 
for the plot file. 
call pl tgen 
;now must obtain calculate coordinates for the well based off 
of the spot, s-t-r, and direction (e/w) information available 
on the master file. this is a two step process: 1) must first 
compute the lambert conformat projected coordinates at 
1:500,000. 
call ctrll to convert spot info. into longitude/latitiude. 
~al 1 ctrl lx(twn,rng,ew,sec,J=3,spot,dbl_long,dbl_lat,error) 
if (error .eq. O) go to 180 
170 long = 0.0 ;missing value 
lat = 0.0 
go to 190 
487 
call transf to convert long/lat to a projected lambert coord. 
scaled at 1:500,000. 




lat = y 
; write a plot record to the plot file. 
190 write (3,200) record_number, long, lat, (pl ot_datum( j), j=l ,f ieldcount) 
200 
plot_out = plot_out + 1 
go to 15 ;back and read another master file record 
; eof on master - print stats and close up. 
1000 write( 10, 1010) 
1010 format('<14>') ;erase page on a dasher terminal 
write(l0,1020) master_in 
1020 format(' strat. master records in: ', i6) 
write(l0,1030) plot_out 
1030 format(' plot records output: ',i6,/) 
write(l0,1040)fieldcount 
1040 format(' number of fields on plot file: ',i6,/, 
* "(format for surface 2 is: '(f6.0,2f7.3,xf6.0)' where",/, 
* " 'x' is the number of fields given above ) ") 
write ( 10 , l 050) 









Table 4. FORTRAN Program Listing of Stratupdt 
C program id - stratupdt 
C date - march 19, 1984 
C recoded by - cheng, wai leung 
C 
C updated - aug 28, 1984 
C 
C function: this collection of routines prov ides an "on-1 ines" 
C maintenance facility for the stratigraphic master file, 
C based around the functions provided by the survey's AOS 




dimension fstat_packet(25) ;?fstat's parameter packet 




constant used as arg. to DWDIV 
dimension default_ val ues(75), stratrec(75), buffer(75) 
data default values/23*' 
I I 
' 
_It I 1 •I' I It I -1 It I• 
I I 
I I 
It I -1' t I 0 
_It I 1. It f 
I I _It I 1. It I 
I t I -1 It I• I I 
' 
It I -1' 1 





I, I -1 It I• It IO It IO It I -1 I' I• I I _It I 1. It I 
IO It IO I I I _It I 1 •It I 
'l.',' ','-1','. ','O ','O ','-1','. '/ 
It I -1 I I I 0 
I I 
' 
data mstr_read, mstr_written, modifications, appended/4*0/ 
data rec_length/0,150/ 
data append_flag/0/ 





2, ': udd: gi .s tra tos: s tratmaster', 1 en'""150,att='RA' 
10, '@OUTPUT' ,att:'SO' 
11, '@INPUT' ,att='SIB' 
initialise forms package. read in form. display. 
call sterm ; forms library routine. 
call rform('stratmstr',error) forms library. 
if (error .ne. 1) go to 1000 
10 call dform ;forms library 
C 
C prompt user - what type of transaction? 
C 
20 cal 1 blm(' type M(modify), A(append), or D(done): ') 
read(ll,30)action 
30 format( al) 
if ((action .eq. 'A ') .or. (action .eq. 'a ')) go to 70 
489 
if ((action .eq. 'M ') .or. (action .eq. 'm ')) go to 140 
if ((action .eq. 'D ') .or. (action .eq. 'd ')) go to 1010 
; else invalid action type, try again. 
60 go to 20 
C 
c--------------------------------------------------------------------
c append section 
C 
C user specified an append transaction. issue a system call to get the 
C status of the master file; compute what the last record number on 
C the file is so that new records may be appended to the end of file. 
C 
C 
70 if (append_flag .eq. 1) go to 80 ;file has been appended 
append_flag = 1 
cal 1 qfstat(0,' :udd:GI.STRAT0S:stratmaster',fstat_packet,error) 
call check(error) ; run-time routine 
C divide "file size in bytes" by "record length in bytes" to get 
C "t records on file"= record number of last reocrd on file. 
C 
file size(l) fstat_packet(16) these words contain a double-
word 
file_size(2) fstat_packet(17) integer =file size in bytes 
call dwdiv(rec_length.file_size,remainder,error) ;esp routine 
80 file_size(2) = file_size(2) + 1 




C move computed record number into display area, move default values 
C for all other fields into corresponding foreground areas. 
C 
90 call puscr(default_values) ;forms library 
call pufld(l,recnum_fld,1,4) ; forms library 
C 
C enable forms edit mode. wait for return by user. if abnormal return 
C then re_display the form. 
C 
92 call fmode(error) forms library 
if (error .ne. 1) go to 90 
C 
C now edit the data entered by the user. 
C 
C 
100 call guscr(buffer) ;forms library 
cal 1 edit 
if (error .eq. 1) go to 110 
102 call dform 
call puscr(buffer) 
go to 92 
C else, input is o.k., write record to master file. 
C 
490 
110 buffer(75) • IAND(buffer(75),177400k) :zero out lower nibble 
buffer(75) • IOR(bufter(75),10) :insert a nl character into 
there 
cal 1 writrw(2,write_address,butter,1,error) 
call check(error) 
• + 1 
appended• appended+ 1 
cal 1 type 'newline' to continue, 'D' to stop: ") 
read(11,120)action 
120 
it ((action .ne. 'D ') .and. (action .ne. 'd ')) co to 80 
: else, co to biper level 
130 co to 20 
C 
C end of append section 
C 
c-----------------------------------------------------------------c 
C record section 
C 
C user specified a transaction. user tor record number. 


















cal 1 enter record (zero to stop): ') 
read free(ll)read_address 
if (read_address .eq. 0) go to 20 
read_address 
call readrw(2,read_address,stratrec,1,error) 
if (error .eq. 1) go to 180 
call record does not exist - type nl to continue: ') 
read(ll,170)action 
go to 140 
= + 1 
cal 1 dform 
call puscr(stratrec) 
cal 1 
if (error .ne. 1) go to 190 
exit edit call edit 
call guscr(buffer) 
earl edit 
if (error .eq. 1) go to 210 
cal 1 dform 
call puscr(buffer) 
go to 192 
491 
C else, write record to the file. 
C 
C 
210 buffer(75) • IAND(buffer(75),177400k) ;zero out lower nibble 
buffer(75) • IOR(buffer(75).10) ;insert nl into lower nibble 
cal 1 writrw(2,read_address,buffer,l,error) 
call check(error) 
• + 1 
• + 1 
10 to 140 
C end of record section 
c-------------------------------------------------------------------
C error and closinc section. 
C 
1000 type "error occurred tryinc to read 
type" error code• ",error 
C 














"records appended: ",appended 
subroutine edit 
recoded by: chenc, wai leung 
date : 21, 1984 
purpose: because there was no copy of this subroutine's 
oricinal codings stored in the tape. 
this subroutine is recoded so as to keep a copy of 






data strata ' * , 8·_, • , p , • , 111-8 , • , s P, 1 
dimension zone_names(2,8) 
dimension zone_strata(8) 
data zone_names/'T-','H ','B-','H ','T-','I ','B-','I ' 




data poroai ty 'B-", 'UP', 'B-', 'LO',' I-', 'UP',' I-', 'LO', 
• 'J- 1 ,'UP','J- 1 ,'LO','K- 1 ,'UP','K- 1 ,'LO'/ 
data 'ZN', 'J-', 'ZN', 'K-', 'ZN'/ 
record(2) 
C decode the buffer into the individual fields to be edited. 
C if an error occurs, it indicate non-nuaeric data in a 
C field. the user locate the source of the and correct it. 
C 
decode(buffer,10,err•410)record,aec,twn,rnar,ew,kb,(atrata(j), 
















do 55 i•l ,2 
20 if (record(!) .eq. aro to 55 













wri te(l0, 40) 
RECORD NUMBER MAY NOT BE ALTERED!') 
write(l0 ,50) 
..• VERIPY DATA AND THEN RE-SEND') 
go to 370 
continue 
sectin 0 <--> 36 
if ((sec .ge. 0) .and. (sec .le. 36)) go to 90 
error• 3 
wri te(l0, 80) 
format(' SECTION IS INVALID - 0 < SECTION < 36') 
township 0 <--> 35 
if (Hwn .ge. 0) .and. (twn .le. 35)) go to 120 
error• 3 
write(l0,110) 
110 format(' TOWNSHIP IS INVALID - 0 < TOWNSHIP < 35') 
C 













if ((rng .ge. O) .and. (rng .le. 43)) go to 150 
error~ 3 
write(l0,140) 
format(' RANGE IS INVALID - 0 < RANGE < 43') 
kb: -1 <--> 4300 feet 
if ((kb .ge. -1) .and. (kb .le. 4300)) go to 180 
error= 3 
write(l0,170) 
format(' KB IS INVALID - -1 <KB< 4300') 
C edit the various strata. their depths not be greater than 




180 do 210 i = 1,6 
if ((strata(i) .ge. -1) .and. (strata(i) .le. 8000)) go to 210 
190 error= 3 
write(10,200)(strata_names(j,i),j=l,2) 






do 240 i = 2,6 
if (strata(i-1) .eq. -1 .or. strata(i) .eq. -1) go to 240 




format(lx,2a2,' AND ',2a2,' OVERLAP!') 
continue 
C edit the tops and bases of the 4 zones: they may not be greater than 
C 8000 and must not overlap. 
C 
C 
do 270 i=l,8 
if ((zone_strata(i) .ge. -1) .and. (zone_strata(i) .le. 8000)) 
* go to 270 
250 error= 3 
write(10,260)(zone names(j,i),j=l,2) 
260 format(lx,2a2,' IS INVALID - -1 < datum < 8000') 
270 continue 
do 300 i=2,8 
if (zone_strata(i-1) .eq. -1 .or. zone_strata(i) .eq. -1) go to 
* 300 
if (zone_strata(i-1) .le. zone_strata(i)) go to 300 
280 error= 3 
write(10,290)(zone_names(j,i-1),j=l,2), 
* (zone_names(k,1),k=l,2) 
290 format(lx,2a2,' AND ',2a2,' OVERLAP!') 
300 continue 
C 
C edit porosity values 
C 
do 330 i = l, 8 
0 <--> 60 
330 
310 





format(lx,2a2,' POROSITY IS INVALID - -1 <POROSITY< 60') 
continue 
C 
C edit gamma ray values: -1 <--> 500 
C 
do 360 i=l ,3 
if ((gamma(i) .ge. -1) .and. (gamma(i) .le. 500)) go to 360 
340 error= 3 
write(l0,350)(gamma_names(j,i),j=l,2) 
350 format(lx,2a2,' GAMMA RAY IS INVALID - -1 < GAMMA RAY< 500') 
360 continue 
C 




if ( ( ew .eq. 
if ( ( ew .eq. 
error = 3 
write( 10,366) 
'E I) .or. (ew .eq. 
'W I ) .or. (ew .eq. 
'e 
'w 
366 format(' EAST/WEST DESIGNATOR NOT 
C 
I)) go to 370 
I)) go to 370 
"E" OR "W"') 
C through editing. return if O.K., or prompt user to continue 
C if editing errors were encountered. 
C 
370 if ( error .eq. l) go to 430 
;else an error occurred ... 
380 write(l0,390) 
390 format(' TYPE NEWLINE TO RE-DISPLAY FORM') 
read(ll,400) dummy 
400 format(al) 
go to 430 
C 
C decoding error 
C 
410 errors= 3 
write (10,420) 
420 format(' NON-NUMERIC INPUT IN A NUMERIC FIELD. PLEASE CORRECT') 
go to 370 
C 






STATISTICS USED IN TREND SURFACE ANALYSIS 
A statistic using regression and total sua of squares 
was chosen to establish the fit of the trend regression 
surface to the original data. The sua of squares due to regression 
is the variation in the trend surface itself and is expressed as: 
ssR • t z2 - < t z, 2 
n· 
, where z = original value 
Z • trend surface value at z 
n • number of data points 
In the trend surface the variable z is the subsea 
elevation at a given well location or the thickness of the strata. 
The variable z is the subsea elevation or the thickness 
and is the solution to the trend surface equation. 
The of squares of the residuals is: 
ss0 • f (Z - Z) 2 
ss0 is the difference between the original z and z estimated from 
the trend surface. The total variation in the original data can be 
expressed as the total of squares: 
ssT - r z2 - < r z,2 
n 
The total sum of squares, SST, is also: 
A statistical measure of the fit between the regression surface 
(SSR) and the original surface (SST) can be accomplished with 
analysis of variance with the degrees of freedom equal to n-1. The 
F-ratio can also be calculated as a ratio between the variance of 
the values of the polynomial trend surface and the variance of the 
residuals around the trend 
F SSR/n - 1 ss0 7n - 1 
(Koch and Link, 1980; Davis, 1973). The F-ratio for the K-Zone 
structure is highly significant for all of the regression surfaces 
above the first order. Thus the statistical model of the original 
surface is a reliable description. 
The ratio of the sum of squares due to regression and the total 
of squares is the goodness of fit. The square root of the 
goodness of fit is the multiple correlation coefficient. The good-
ness of fit is expressed here as a percent: 
Skewness is defined here as: 
the third moment about the mean. 
, where x = residuals calculated by subtracting the solution of 
the trend equation from the original datum 
x = mean value 
n = number of data points 
Dimensionless skewness is determined by dividing the skewness by the 
d t 1. e the variance: square root of the cube of the secon momen , · · • 
sk = ffl3 / (m23>0.5 ---> sk = m3 / (m23>0.5 
where m2 = 1/n f (x - x) 2 ---> m3 = 1/n 
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APPENDIX C 
WIRELINE LOGS USED IN STUDY 
Natural Gam Ray Lo& 
The natural pm radiation lo& records the radiation by 
the K40 , thoriua series, and uraniua series (Pertl, 1983). 
Shales are &enerally associated with hiKher natural pm radiation 
than are and sandstones. The usually contains 
clay including or sericite in which and 
the naturally occurrinK K40 isotope are abundant. The varia-
tion in the type of clay can affect p-a ray response. 
rocks containinK abundant organic matter and phos-
phorite co-only contain elevated concentrations and hence 
high natural ga-a radiation and Weaver, 1958; Pertl, 1983). 
tends to concentrate in the refractory clay minerals 
(<100 which represent residues of weathering and in resistant 
heavy where concentrations of thoriWll can exceed 1000 ppm. 
G~a radiation can thus be high in these materials (Fertl, 1983). 
Average abundance of uranium, and thorium concentrations 
in co-on sediaentary rocks are summarized in Table 1. 
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Table 1. Common Range and Average Concentrations of K. u. and Th 
in Sedimentary Rocks (from Fertl, 1983) 
Potassium(%) Uranium(ppm) Thorium(ppm) 
range average range average range average 
carbonates 0.-2.0 0.3 0.1-9.0 2.2 0.1-7.0 1. 7 
common 
shales 1.6-4 .2 2.7 1.5-5.5 3.7 8-18 12.0 
shales 
(200 samples) 2.0 6.0 12.0 
sandstone 0.7-3.8 1. 1 0.2-0.6 0.5 0.7-2.0 1. 7 
The concentrations of these elements vary substantially, even 
within a single lithology. The simplest way of relating gamma ray 
to lithology is to define an average gamma ray value for shale and 
one for nonclay lithology. Clean (low gamma ray and low shale 
content) rock might be limestone or sandstone. Intermediate gamma 
ray values could be correlated to the percentage of shale using a 
simple linear relation between the nonshale and shale formations. 
The problem, however, is that this empirical relation is not appli-
cable to all shales, carbonate rocks, or sandstones because the 
chemical compositions of each of these major rock groups are not the 
same. Rather, variation in composition severely limits the amounts 
of lithologic information derived from only a gamma ray curve. 
Neutron Log 
The neutron log is commonly run in most holes drilled in the 
area of investigation. The tool emits a stream of neutrons that 
penetrate the rock in the vicinity of the borehole colliding with 
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its atomic particles in the rock. Hydrogen ions, especially those 
in water, including water that is free to move through the pores in 
the rock will absorb most of the energy carried by the neutrons 
since hydrogen atoms have nearly the same mass. Hydrogen atoms 
bound in the crystal lattice of a mineral such as the hydroxyl ions 
in clay minerals or waters of hydration in gypsum will also absorb 
these neutrons. Neutron capture will result in the emission of 
gamma radiation. The borehole device is designed to detect either 
this radiation or the neutrons that are not captured but continue to 
travel through the rock and return to the detector. The neutrons 
that do return to the detector also collide with other atomic 
particles in the formation, but because the masses of the other 
particles are so much larger, the collision with them and the 
neutrons is elastic and the neutrons continue to travel through the 
formation. 
Minerals and elements can be characterized by their hydrogen 
index, that is, their ability of absorb neutrons relative to that of 
water. The hydrogen index of oil is similar to that of water while 
natural gas is much less. Shales with their associated bound water 
and structural hydroxyl anions would be expected to have a rela-
tively high hydrogen index. 
Quartz and carbonate minerals generally have very low hydrogen 
indices, but shaly or porous rocks of these mineralogies exhibit an 
intermediate logged response between water and that of the pure 
mineral composition due to the added hydrogen ion. Yet, other 
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impurities, many unknown unless sufficient sample is available for 
analysis, can cause slight to moderate variations in expected 
response. 
The amount of porosity, 0. can be empirically correlated to the 
neutron counts, N, in the following equation: 
N Ce -ko 
, where C and k are constants related to the borehole, the litho-
logy, and the configuration of the tool. Several other empirical 
methods are used to approximate the conversion of neutron counts to 
porosity. Modern neutron devices automatically transform the 
neutron count to porosity units reported in either limestone or 
sandstone porosity units. 
The resistivity and density logs provide other means for 
differentiating the various lithofacies. Their response is similar 
to that of the neutron log, but for different reasons. The density 
device measures the electron density which in turn is correlated to 
the bulk density. The density log is scaled in bulk density and/or 
porosity units with respect to a certain lithology either limestone 
or sandstone. 
Resistivity Log 
The exploration geologist desires to know what kind of fluid is 
in the pore space. The resistivity log is necessary to calculate 
probable fluid composition. The rock matrix as well as hydrocarbon 
501 
are electric insulators while the saline water, common in the pores 
in the subsurface, provides a path for electrical currents. The 
amount and tortuosity (degree of interconnectedness) of the pore 
space filled by saline water determines the relative resistance 
measured by the resistivity log. Thus, this log.records an 
important property of the rock related to its pore system. 
The contribution of the fluid in the pore space to the resis-
tivity of the rock is measured by the formation factor, F, in the 
relation: 
, where R0 is resistivity of a water saturated rock and Rw is 
resitivity of the connate water in ohm-meters. As the tortuosity of 
the pores increases Falso increases. 
The cementation exponent, m, is also related to the inter-
connectedness of pores. This interconnectedness varies tremen-
dously, for example, between fractured oomoldic porosity and inter-
ooid porosity. The greater the restrictions in interconnectedness 
of the intergranular pores, the greater the cementation exponent. 
This factor, m, relates porosity to the formation factor, F, using, 
for example, the generalized Archie equation: 
Porosity, 0, is expressed as a fraction so as m increases so Falso 
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increases, but at a much higher rate. The constant, a, for 
carbonate rocks is generally close to 1 and m varies from less than 
2 for fractured rocks to 2.5 in oomoldic intervals (Tixier, 1962). 
The relative saturation between insulating hydrocarbon and 
conducting saline water in the pores is obtained from the relation: 
where Sw is the water saturation and Rt is the resistivity of the 
formation as calculated from a deep investigating resistivity 
device. Obviously, lithology has a very important part in the 
determination of F. Furthermore, the clay minerals which have 
cation exchange capacity also can conduct electicity. Resistivity 
in rocks with this clay must be adjusted for the presence of this 
material. 
Use of Wireline Logs 
in Integrated Subsurface Study 
Multivariate statistics and simplier cross plotting (Watney, 
1979, 1980) have been used to identify the sources of lithologic 
variation on wireline logs. Cross plotting can be done routinely 
and quickly for many samples. The use of computers that can process 
tapes of wireline logs and graphic hardware and software can easily 
and quickly perform multivariate statistical analysis. This might 
be a necessary step if one desires to find the quantitative rela-
tionship between the log signatures and lithology, to characterize 
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an unusual log response. to normalize log response, or to conduct a 
discriminating analysis of lithologic effects on the logs 
(e.g., Boremann and Doveton. 1983). There is ample opportunity for 
advanced studies in this developing area of geological applications 
of wireline log analysis. This treatment though is beyond the 
objectives of this study. 
Core or sample cutting data provide a qualitative classifica-
tion of the rock. These lithologies can then be correlated to the 
responses of the logs. The analog signature of the logs can be 
calibrated, and then used with caution to extrapolate many gross 
lithofacies. Subtle variations in lithology can be recognized on 
the logs and the values of the logs themselves can be used to create 
a map of this variation. Watney (1979) describes several examples 
that use a combination of gamma ray and neutron curves to charac-
terize changes in depositional environment along the northern border 
of this study area. Cores described in this study provides the 
means to relate the rocks to the petrophysical changes indicated by 
the wireline logs. 
Provided sufficient samples are available, the integrated log 
response can be attributed to the presence of specific minerals, 
pore space, and the fluids that fill this pore space. This is the 
basic principle behind quantitative log analysis in order to deter-
mine basic lithology, pore fraction, and the presence of crude oil, 
natural gas, or formation water that occupy the pore space. 
Unless rock samples are available, assumptions like pure 
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carbonate, average shale, and clean sandstone need to be made when 
porosity is determined. The greater the number of logs available 
which measure different properties of the rock. the better the 
resolution is of the lithology and the porosity, e.g., using the 
solution of simultaneous equations to solve for porosity and major 
lithologic components. Logs can thus extend in a restricted sense 




CORES USED IN THIS STUDY 
Twelve core descriptions are included as pocket enclosures. 
These are representative of much of the variation in lithofacies 
across the area of study. The descriptions are ba~ed upon binocular 
examination of core slabs and petrographic study of selected thin 
sections. Symbols used in the descriptions are identified in Figure 




Synmols Used In Dlscrlptlon Of Cons 
e21~ fgj===---
a• Isl shaly mudSIDne-.:uslDne 
gralnslDne . pactslDne 
Ci I nsltu brecca . oollte 
f.=-j shalt 8 - SIitstone 
I I alack shale ml sandstone 
6;;t simaerlal crust B chert 




fZ:21 solution cavities and fissures 6] burrows 
§ stylollte E3 sharp, irregular surface 
El phyllold algal 
no core recovery 
